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ARTERIOSCLEROSIS AND NUTRITION 


Evidence continues to accumulate at an 
increasingly rapid rate from clinical obser- 
vations and animal experiments, although 
frequently conflicting and confusing, to 
indicate that nutritional abnormalities are 
potent etiologic factors in the production of 
cardiovascular disease. Many of the data 
have been reviewed previously in these 
columns (Nutrition Reviews 8, 74 (1950); 
10, 168, 345 (1952); 11, 72, 231 (1958): 
12, 25, 220, 270 (1954); 18, 138, 189 (1955)). 
The subjects discussed in relation to ar- 
terial disease have included caloric intake, 
obesity, quantity as well as quality of fat 
consumed (dietary fats of animal origin 
versus those of vegetable origin), cholesterol 
(exogenous and endogenous), salt intake, 
essential food factors and vitamins (choline. 
methionine, tocopherol), etc. Although it 
cannot be denied that factors other than nu- 
tritional (7.e., genetic and hormonal) also 
may be of major import, most investigators 
in this field will agree that diet may prove 
to be an essential key to the problem. 

Recently G. R. Meneely et al. in Nashville 
(Circulation 12, 481 (1955)) have reported 
that a percentage of rats in which chronic 
sodium chloride toxicity had been produced 
by feeding high levels of sodium chloride in 
the food mixture developed nephrosis, hy- 
percholesterolemia and hypertension. Ar- 
teriolar lesions, which developed in many of 
these animals, correlated better in their 
severity and incidence with the levels of 
cholesterol in the serum than with the level 
of dietary sodium chloride. The latter two 
factors were in themselves related, however, 
as has been emphasized recently by C. 
Moses and his group at Pittsburgh (Moses, 
J. B. Boatman, J. Sunder, and G. Doering, 
Ibid. 12, 482 (1955)). 


G. F. Wilgram, C. H. Best, and L. A. 





193 


Lewis (Circulation 12, 490 (1955)) have 
again repeated the observations originally 
made in Toronto (W. 8. Hartroft, J. H. 
Ridout, E. A. Sellers, and Best, Proc. Soc. 
Exp. Biol. Med. 81, 384 (1952); Wilgram, 
Hartroft, and Best, Science 119, 842 (1954)) 
that choline deficiency may produce cardio- 
vascular lesions in rats and have further 
demonstrated that cholesterol supplements 
to these deficient food mixtures may aggra- 
vate their damaging effect on vessels. Serum 
cholesterol levels were decreased in choles- 
terol-supplemented, choline-deficient ani- 
mals as compared with similar choline- 
supplemented controls. Low density 
lipoproteins were also decreased, but not 
other lipoprotein classes. The authors believe 
some of these results may be secondary to the 
renal damage induced by the low-choline 
diets. N. R. Di Luzio, M. L. Shore, and 
D. B. Zilversmit (Circulation 12, 495 (1955)) 
have concluded that the cholesterol-fed rab- 
bit (in which atheromatous lesions are pres- 
ent) is not choline deficient because a single 
intravenous injection of choline chloride did 
not stimulate synthesis of hepatic phos- 
These 


control the 


measured with P®*. 
authors did not, 


pholipids as 
however, 
amounts of lipotropic factors in the basal 
diet employed in these experiments. 

G. V. Mann et al. had reported previously 
(Mann, 8. B. Andrus, A. MeNally, and F. J. 
Stare, J. Exp. Med. 98, 195 (1953); Mann, 
Science 120, 900 (1954)) that a cholesterol- 
supplemented diet containing 0.5 per cent 
choline chloride but deficient in methionine- 
containing protein produced atherosclerosis 
in Cebus monkeys to which it had been fed. 
Further clarification is needed to define 
more precisely the relation between these 
lesions in monkeys, those encountered in 
choline-deficient rats (which received low but 
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adequate levels of methionine, 520 mg. per 


100 g. of ration) and cholesterol-induced 
atheroma in rabbits. To confuse the picture 
further, R. W. Wissler, M. L. Eilert, M. A. 
Schroeder, and L. Cohen (Arch. Path. 57, 
333 (1954)) have produced lipomatous and 
atheromatous arterial lesions in the albino 
rat, obtaining the highest incidence and 
severity of vascular changes in the presence of 
choline supplements. 

Currently reported investigations 
phasize that the total amount and nature of 
the fat in the diet may be factors of equal 
or greater importance in the production of 
arterial disease than either cholesterol or 
M. R. Beveridge, W. F. 
Connell, and G. Mayer at Kingston, Canada 
(Circulation 12, 499 (1955)), have found 
that human volunteer subjects may exhibit 
lower levels of plasma cholesterol when con- 
suming 20 per cent to 60 per cent of calories 
as corn oil than when obtaining an equal 
amount of calories from semisynthetic fat- 
free food mixtures. Similar experiments in 
which 20 per cent to 60 per cent of the 
calories was supplied as butterfat produced 
elevations of 5.2 to 17.5 per cent in the 
levels of the plasma cholesterol in the sub- 
jects. These investigators conclude that a 
animal fat elevate 
cholesterol in the blood, whereas a factor or 


em- 


lipotropes. J. 


factor or factors in 
factors present in corn oil may depress the 
level of cholesterol in blood. Somewhat re- 
lated studies in patients in Highland 
Alameda County Hospital in California 
(A. Keys et al., [bid. 12, 492 (1955)) support 
Beveridge’s results, but the American in- 
vestigators’ interpretation of their own re- 
sults is to suggest that readily available 
sources of unsaturated fatty acids may be 
essential for normal metabolism of choles- 
terol by man. 

At Washington University School of 
Medicine, W. A. Thomas, R. M. O’Neal, 
and K. T. Lee (Circulation 12, 500 (1965)) 
have found that fat will be deposited in the 
fibrous intimal thickening of small pulmo- 
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nary arteries that follows repeated intra- 
venous injections of blood clot into rabbits, 
particularly if the animals are fed a diet 
containing high levels of fat. Previous in- 
vestigators (see C. V. Harrison, J. Path. 
Bact. 60, 289 (1948)) had not been able to 
demonstrate fat in lesions produced in this 
manner, but their animals had been fed 
pellet-type diets, low in fat. The work of 
Thomas and his colleagues indicates that 
dietary fat may profoundly alter the nature 
and severity of vascular lesions, even those 
initiated by abnormal conditions obviously 
not of dietary origin. 

The investigations of A. Keys and his 
co-workers have been reviewed before in 
these columns (Nutrition Reviews 12, 270 
(1954); 18, 138 (1955)). This group has now 
reported (Circulation 12, 492 (1955)) that 
the incidence of atherosclerosis and the 
levels of both serum cholesterol and beta 
lipoproteins are all high in “‘Europeans”’ in 
Cape Town, South Africa, lower in the 
Negroes, and lowest in the Bantus of this 
region. The intake of dietary fat correlated 
with the incidence of atherosclerosis 
only in these three groups but also within 
each of the groups. Smoking habits and the 
incidence of hypertension were not related 


not 


to the frequency of vascular lesions in any 
of the groups. 

It would appear at the present time that 
the most promising approach to the problem 
of atheroma in man may lie in experimental! 
and clinical studies designed to elucidate the 
interrelationships between dietary fat (quan- 
tity and source), cholesterol, lipotropic fac- 
tors and renal function (sodium chloride 
excretion). Further advances in these areas 
may be expected in the near future from a 
number of laboratories. 

W. Sranitey Harrrort, M.D. 
Department of Pathology 
Washington University Medical 

School 

St. Louis, Missouri 
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HYPOCHROMOTRICHIA AND MALNUTRITION 


Hypochromotrichia—a decrease in the 
normal color of the hair—has long been 
known to occur commonly in kwashiorkor. 
Although deficiencies of several members of 
the vitamin B-complex, copper and zinc 
have been reported to cause greying of the 
hair in experimental animals (D. V. Frost, 
Physiol. Rev. 28, 368 (1948)), there is ap- 
parently no evidence that such factors are 
operative in kwashiorkor. Except for the 
work of J. Nagchaudhuri and B. §S. Platt 
(Report of Second Inter-African Conference on 
Nutrition, Gambia 1952, p. 215, Her Ma- 
jesty’s Stationery Office, London (1954)), dis- 
cussed below, there appear to have been few 
studies with protein-deficient diets in ex- 
perimental hypochromotrichia, although 
protein deficiency is presumably the primary 
defect in kwashiorkor. A change in the 
feather pigments in turkeys fed a lysine- 
deficient diet (J. C. Fritz, J. H. Hooper, 
J. L. Halpin, and H. P. Moore, J. Nutrition 
31, 387 (1946)) has, however, been reported. 

D. B. Jelliffe (J. Trop. Pediat. 1, 25 
(1955)) has reported the results of surveys 
to determine the extent of hypochromo- 
trichia in Jamaica. 
which a nutrition survey was done (see 
Nutrition Reviews 13, 140 (1955)) the follow- 
ing incidence was found: birth to 1 year, 5 


In a rural village in 


per cent; 1 to 3 years, 75 per cent; 3 to 9 
years, 62 per cent; and 9 to 17 years, 6 per 
cent. No frank case of kwashiorkor was seen, 
but the age distribution of hypochromo- 
trichia suggests that it was associated with 
the food crisis of the weaning period and 
continued to a lesser extent during child- 
hood, with a gradual disappearance during 
adolescence and young adulthood. The 
inhabitants of the village were predomi- 
nantly of African stock, but some degree of 
Caucasian admixture was present. A possible 
explanation on a genetic basis had to be 
considered, but the age distribution made it 
highly unlikely that this was an important 


factor in the results. The effects of salt spray 
and sun on hair color were also considered 
to be minimal since the village was inland 
and well shaded by trees. 

Infants were also examined in seven of the 
poor districts in the Parish of St. Andrew, 
Jamaica. From 30 to 90 infants between the 
ages of 6 and 36 months were seen in each 
place. The incidence of hypochromotrichia 
ranged from 14 to 50 per cent of the children 
examined. Jelliffe states that the incidence 
appeared definitely to be related to the 
socioeconomic condition of the area and 
possibly, therefore, to the inability to pur- 
chase high-priced protein foods. 

The amino acid content of 7 samples of 
markedly hypochromotrichial hair was com- 
pared with hair obtained from normal in- 
fants of predominantly Negro stock. The 
samples were hydrolyzed and the amino 
acid content estimated from the size of the 
spots obtained upon two-dimensional paper 
chromatography. Although the method is 
only semiquantitative, no differences in 
amino acid content were found. These re- 
sults confirm previous work of A. P. Wy- 
socki, G. V. Mann, and F. J. Stare (Am. //. 
Clin. Nutrition 2, 243 (1954)), who could 
find no difference in the methionine or 
cystine content of hair obtained from nor- 
mal infants or infants with kwashiorkor. 

J. Gillman and T. Gillman (‘Perspectives 
in Human Malnutrition,’’ Grune and Strat- 
ton, New York (1951)) suggested that the 
depigmentation of the skin and hair in 
kwashiorkor might be when the 
oxidized jet-black melanin reverts to the 


caused 


reduced tan-colored melanin which may be a 
precursor (F. H. J. Figge, Proc. Soc. Exp. 
Biol. Med. 46, 269 (1941)). They suggested 
therefore that the pigment changes may be 
visual evidence of the oxidation-reduction 
potential of the melanogenic centers in the 
cell. B. S. Platt (‘“Simon’s Handbook of 
Tropical Dermatology,” Elsevier Publishing 
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Co., New York (1953)) considered that de- 
ficiencies of sulfur-amino acids might be of 


importance. Tyrosinase, a copper-protein 
complex, is presumably essential for the 
formation of melanin and is inhibited by 
sulfhydry! groups which bind copper. Thus, a 
shortage of sulfhydryl groups might modify 
the redox (oxidation-reduction) potential of 
the system in the skin and hair that produces 
melanin. More recently Nagchaudhuri and 
Platt (/oc. cit.) reported that the “‘red”’ pig- 
ment from the hair of malnourished children 
behaved differently upon a paper chromato- 
gram from the normal black pigment of the 
African, or the normal “red”? pigment from 
the hair of Europeans. A similar pigment 
could, however, be extracted from hair which 
had been oxidized with hydrogen peroxide or 
by exposure to ultraviolet light. Finally, 
they state that the hair from hooded rats 
which had been fed a low protein diet (7 
per cent casein) or a low methionine diet 
(7 per cent arachin) contained a pigment 
similar to that obtained from the children 
with kwashiorkor. 

Jelliffe notes that hypochromotrichia is a 
variable feature of kwashiorkor but seems 
to be African infants 
whether they live in continental Africa or the 
West Indies. It is not necessary for diagnosis, 


more common in 


but tends to be more striking in the chronic 
type of the disease seen in the West Indies, 


RADIOACTIVE CARBON STUDIES OF 


Extensive use of carbon labeled as C' as a 
tracer for active metabolites in man has been 
limited because of the extremely long half- 
life of the isotope. Deposition of significant 
quantities of the isotope in the tissues would 
represent a radiation hazard to the subject. 
With increasing information concerning the 
biophysical properties of the isotope and the 
rapid loss from the body of most of the 
radioactivity of active metabolites, the use 
of C' has been applied to clinical investiga- 


tion on a larger scale. N. Baker and co- 
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especially in the so-called “‘sugar-baby.’’ The 
color changes vary, but include brown, 
reddish, blonde and grey. He points out that 
while sparse dry silky hair is commonly 
associated with kwashiorkor throughout the 
world, numerous reports indicate that hypo- 
chromotrichia of any degree is much less 
common in others than in infants of African 
stock. He also notes the report of M. Autret 
and M. Behar (FAO Nutritional Studies, No. 
13, Rome, Italy (1954)) to the effect that 
in Costa where the children of all 
groups are almost pure 
Spanish stock, the susceptibility to hypo- 


tica, 


socloeconomic 


chromotrichia seems to be greater than in 
other racial groups in Central America. The 
meaning of these variations in different areas 
must, of course, remain obscure until more 
is known of the causative factors. 

In view of the high incidence of hypo- 
chromotrichia with definite 
kwashiorkor and, on the basis of the surveys 


associated 


reported, its common occurrence in poorly 
nourished infants and young children who 
may be considered to have possible sub- 
clinical, mild kwashiorkor, Jelliffe suggests 
that a “hypochromotrichial index’’—the 
percentage of affected children between | 
and 3 years of age—may be a useful public 
health indication of the extent of infantile 
protein deficiency, at least in an African 
community. 


GLUCOSE METABOLISM IN DIABETES 


workers (J. Biol. Chem. 211, 575 (1954)) 
have undertaken a study of glucose metab- 
olism in man using glucose labeled in all 
with C™. In their experimental 
procedure, glucose-C'* given intra- 
venously and the specific activity of the 


carbons 
was 


blood glucose and expired carbon dioxide 
was determined at hourly intervals for eight 
hours. From these data they have calculated 
the size and volume of the glucose pool and 
its rate of turnover. By comparing the 
specific activity of the glucose leaving the 
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glucose pool with that of the expired carbon 
dioxide they obtained an estimate of the 
amount of expired carbon which came from 
glucose. 

In a second paper from this laboratory 
(W. W. Shreeve and co-workers, Metabolism 
5, 22 (1956)), this approach has been applied 
to a study of diabetic patients. In all, 8 
diabetic patients served as subjects. Three 
of the patients were classified as stable dia- 
betic individuals and did not develop early 
ketosis on the withdrawal of insulin. Another 
stable diabetic individual was markedly 
insulin-refractory, requiring 2000 units daily. 
Ketosis did not occur in this subject follow- 
ing the temporary cessation of insulin ad- 
ministration unless food was also withheld. 
Three diabetic patients were studied whose 
diabetes was of the labile type, characterized 
by alternating hyperglycemia and hypo- 
glycemia while on insulin, and prompt 
ketosis without insulin treatment. 

The size of the glucose pool in the normal 
subjects was 0.21 g. per kilogram of body 
weight; in the stable diabetic individuals it 
was 0.87 g. per kilogram and in the labile 
diabetic subjects it was 1.08 g. per kilogram. 
The volume of distribution of glucose was 
24 per cent of the body weight in normal 
individuals, suggesting that the exchange- 
able glucose was limited largely to the ex- 


STANNOUS FLUORIDE 


Over the past several years various 
phases of the relationships of the ingestion of 
fluorides to the dental caries incidence in ex- 
perimental animals and in human beings 
have been presented (Nutrition Reviews 9, 
21, 80, 149, 228 (1951)); 10, 28, 74, 76, 114, 
227 (1952); 11, 324, 353 (1953); 12, 96, 
156 (1954)). In addition, topical application 
of sodium fluoride to tooth surfaces has been 
discussed (Ibid. 2, 149 (1944); 4, 80 (1946); 
13, 134 (1955)), as have the effects of stan- 
nous fluoride administration to experimental 
animals. It seemed from these studies, 
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tracellular space. The volume of distribution 
was somewhat higher in the diabetic groups, 
but the difference was not considered signifi- 
cant. The carbon dioxide output of the 
normal subjects was 30 per cent derived from 
glucose. A slight lowering of the contribution 
of glucose to the expired carbon dioxide was 
observed in the stable diabetic subjects 
while in the labile diabetic individuals only 
18 per cent of the expired carbon dioxide 
was derived from glucose. 

The use of rapidly metabolized substances 
for the measurement of pool size and turn- 
theoretic 
problems. The results presented by these 


over constants entails certain 


workers, however, have provided quan- 
titative data of glucose metabolism in man 
which are consistent with results obtained in 
animals and extend the information ob- 
tained by nonisotopic methods in man. It is 
apparent that the old controversy between 
the champions of overproduction and under- 
utilization in diabetes no longer seems 
crucial. Under certain circumstances one or 
the other factor may be predominant. These 
studies also emphasize the diversity of 
metabolic patterns encountered in diabetic 
patients and reinforce the distinction be- 
tween the middle-aged obese stable diabetic 
subjects and the labile diabetic individuals 
usually having early onset of the disease. 


AND TOOTH DECAY 


which were conducted after the teeth were 
fully developed, that the use of a supple- 
ment of stannous fluoride was more effective 
than a supplement of sodium fluoride con- 
taining the same level of fluoride (/bid. 12, 
51 (1954)). Since a stannous chloride supple- 
ment was completely ineffective, it appears 
that the stannous ion has no caries-inhibiting 
activity itself but enhances the effectiveness 
of the fluoride ion. The latter observation 
has led to tests of stannous fluoride for 
topical treatment of tooth surfaces and 
also for incorporation into dentifrices. 
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The influence of topically applied stannous 


fluoride on dental caries experience in 
children has been studied over a two-year 
period by C. L. Howell, C. W. Gish, R. D. 
Smiley, and J. C. Muhler 
Reviews 18, 134 (1955)). The control group 


of 139 children who received no topical 


(see Nutrition 


fluoride treatment had an average incidence 
filled 
(DMF) tooth surfaces during the two-year 
period. The second group of 92 children who 


of 4.5 new decayed, missing and 


received four topical treatments with a 2 


per cent unbuffered sodium fluoride solu- 
tion applied with cotton applicators once and 
allowed to dry for four minutes had an 
2.9 DMF tooth surfaces. 


The 194 children in the third group received 


average of new 
four treatments with 2 per cent unbuffered 
solution of stannous fluoride by cotton ap- 
plicator and developed 1.9 new DMF tooth 
The 195 the fourth 
group received four topical treatments with 


surfaces. children in 
the stannous fluoride solution applied as a 
spray to keep the teeth moist throughout 
the entire four minute application and 
developed 1.6 new DMF surfaces during the 
experimental period. The caries reduction 
observed with the topical application of 
sodium fluoride closely approximates the 
results obtained in various other experi- 
ments. However, the reductions with either 
type of stannous fluoride treatment were 
significantly greater than for the sodium 
fluoride treatment. 

Stannous fluoride has also been tested in 
a dentifrice for its ability to reduce the rate 
of carious experience in children over a one- 
year period (J. C. Muhler, A. W. Radike, 
W. H. Nebergall, and H. G. Day, J. Am. 
Dent. Assn. 60, 163 (1955)). Five hundred 
and fourteen children were divided into two 
groups. The children in one group were pro- 
vided with a dentifrice that contained 4000 
parts per million (p.p.m.) stannous fluoride, 
which is equivalent to 1000 p.p.m. of the 
fluoride ion. The children in the other group 
received the same dentifrice with the stan- 
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nous fluoride omitted. In order to assure 
that the fluoride was not adsorbed on the 
particulate components of the dentifrice in 
such a way that it was not available in the 
oral cavity, heat-treated calcium orthophos- 
phate was used as the principal component 
of the dentifrice. This is a material which 
has been shown to permit fluoride to remain 
in an available state, in contradistinction to 
other commonly used materials. The chil- 
dren were from 5 to 15 years of age and 
the dental 
months in order to receive a dental prophy- 


returned to clinic every six 
laxis and a clinical dental caries examination 
accompanied by bite-wing x-rays. 

After a one-year experimental period, 423 
children were available for re-examination. 
Among the 209 children who used the un- 
supplemented dentifrice, there was an aver- 
age of 3.0 new DMF surfaces per child. On 
the other hand, the children in the group 
using the dentifrice containing stannous 
fluoride had developed an average of 1.6 
new DMF surfaces during the year. This 
represents a reduction of about 40 per cent. 
The proximal surfaces of the teeth were pro- 
tected much more effectively by the stan- 
nous fluoride dentifrice than were the other 
surfaces. 

A similar study has been conducted in 
adults over a one-year period (J. C. Muhler, 
A. W. Radike, W. H. Nebergall, and H. G. 
Day, J. Dent. Res. 35, 49 (1956)). The sub- 
jects in this study were freshmen at Indiana 
University and ranged in age from 17 to 36 
years. They were given dental prophylaxis 
at the beginning of the experiment followed 
by a thorough clinical examination accom- 
panied by bite-wing x-rays. These students 
were divided into two comparable groups as 
in the previous experiment. They were in- 
structed to follow their normal tooth brush- 
ing habits and no special instructions on oral 
hygiene were given. At the end of one year, 
the 157 subjects in the control group had an 
average of 2.0 DMF surfaces while the 165 
subjects using the stannous fluoride denti- 
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frice had an average of 1.2 DMF surfaces, 
or a reduction of approximately 40 per cent. 

During the experiment a summary was 
made of frequency and time of day that the 

subjects in this experiment brushed their 
teeth. On the basis of this survey, the inves- 
tigators catalogued the subjects according to 
tooth brushing habits. At the end of the 
year, those with good tooth brushing habits 
had received a somewhat higher benefit from 
the dentifrice, with a 48 per cent reduction 
in new DMF surfaces in contradistinction 
to a 36 per cent reduction among those who 
had poor tooth brushing habits. 

The data from these three preliminary 
studies suggest that stannous fluoride may 
be an effective aid in reducing the incidence 
of dental caries. While none of these studies 
has been conducted with sufficiently large 
numbers of subjects or over sufficiently long 
periods of time for one to be positive of the 
ultimate level of effectiveness, they are 
promising enough to be explored further. 
One of the real problems in clinical surveys 
of this kind is the ability to make an accu- 
rate diagnosis of new carious lesions. Atten- 
tion has often been drawn in the dental liter- 
ature to the major difficulties encountered 
by competent examiners in obtaining good 
checks between their independent oral ex- 
aminations of the same subject. In addition, 
there is a real need to rule out any uninten- 
tional bias that might be introduced by the 
examiner’s knowledge of the treatment pro- 
vided for the subject. Unfortunately, in these 
studies no comment is made about any 
conscious effort to eliminate these sources of 
error, although steps may have been taken 
to do so without being described in the 
manuscripts. 

The mode of action of fluoride on enamel 
whereby it alters dental caries resistance is 
not understood. H. E. Brewer, J. C. Muhler, 
and R. B. Fischer (J. Dent. Res. 35, 459 
(1956)) have sought to test the influence of 
fluoride compounds on the permeability of 

extracted human teeth to sodium and chlo- 
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ride ions. They used two procedures, one 
based on the precipitation of an insoluble 
compound such as sodium urany! acetate or 
silver chloride and the other on changes in 
electrical conductance. Enamel crowns were 
prepared free from dentin by the use of 
dental burrs. These crowns were sealed in 
glass tubing and immersed in solutions con- 
taining known concentrations of sodium 
chloride with or without a fluoride com- 
pound. The inside of the glass tube was filled 
with distilled water. In the precipitation 
tests, the enamel crowns were treated with 
silver nitrate or uranyl acetate and then 
examined to determine the extent to which 
sodium and chloride ions had penetrated 
the enamel crown. In the conductance tests, 
the changes in electrolytic conductance of 
the distilled water in the tubing were deter- 
mined throughout the period of immersion. 
Under the condition of these tests, a 2 per 
cent solution of stannous fluoride signifi- 
cantly reduced the permeability of the 
enamel to sodium chloride while 1 per cent 
sodium fluoride did not alter the rate of 
permeability. 

It should be pointed out in any discus- 
sion of this subject that topical application 
of fluoride or its incorporation into denti- 
frices cannot be considered as worthy sub- 
stitutes for water fluoridation except in areas 
where there is no communal water supply. 
This is largely due to the fact that both the 
repetition of fluoride treatments 
every two or three years and the use of a 


topical 


dentifrice consistently and carefully are de- 
pendent upon the sustained cooperation and 
interest of the patient and upon his economic 
ability. In the case of water fluoridation, 
every one growing up within the range of 
the communal water supply benefits, and 
the levels of protection that have been 
demonstrated in the clinical surveys are 
well in excess of the benefits of the dentifrice 
containing stannous fluoride. In addition 
the fluoride, in the case of water fluoridation, 
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is incorporated during tooth development 
into the tooth structure so that, if there are 
periods during adult life in which the indi- 
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vidual no longer has a fluoride source, the 
benefits continue regardless of the circum- 
stances or his interest and cooperation. 


FAT ABSORPTION IN MAN 


Knowledge of fat absorption in man is 
based to a great extent upon studies in ex- 
perimental animals because obtaining portal 
blood and chyle in the human subject has 
rarely been possible or suitable. Consider- 
able discussion has arisen concerning 
whether fats are absorbed into the lym- 
phatics and chyle as such or are hydrolyzed 
entirely in the gastrointestinal tract, the 
free fatty acids being absorbed into the 
portal system (Nutrition Reviews 9, 211 
(1951)). J. Fernandes, J. H. van de Kamer, 
and H. A. Weijers (J. Clin. Invest. 34, 1026 
(1955)) have studied a child, 22 months of 
age, with chylothorax. In this patient the 
chyle coming from the gastrointestinal tract 
through the receptaculum chyli and upper 
thoracic duct in the posterior part of the 
chest drained into the right pleural cavity 
instead of into the subclavian vein as is the 
usual circumstance. This necessitated drain- 
ing the pleural cavity weekly over a period 
of eight months. At the end of this time the 
secretion of chyle gradually slowed and 
finally stopped completely so that the child 
Was again well. 

A basal diet was used during most of the 
study which supplied 28 g. of fat per day 
and presumably adequate, constant amounts 
of other nutrients. The type of fat in the diet 
was changed each week or group of weeks by 
changing the kind of fat in a protein milk 
which was used as part of the diet, or given 
as fat itself. Standard methods were used 
for determining saturated and unsaturated 
fatty acids in the chyle and dietary fat. 

During the initial period the diet con- 
tained less than 1 g. of fat daily for four 
periods of a week each. Chyle changed from 
a milky color to transparency, and in ap- 
pearance and composition with respect to 


total saturated and unsaturated fatty acids 
resembled that of blood plasma. Fat content 
fell from 3.7 to 0.6 g. per 100 ml. 

Eighteen separate studies were done in 
which the composition of the dietary fat 
was changed and the composition of the 
chyle determined. In general, the chyle 
fatty acid pattern remained nearly un- 
changed during successive periods when the 
same dietary fat was given. When the com- 
position of the dietary fat was changed, there 
was a change, although often not a similar 
one, in the chyle fat composition. Distinct 
differences were noted in the absorption of 
the various fatty acids. For example, the 
6-, 8- and 10-carbon fatty acids were seldom 
found in the chyle, whereas the 12-, 14-, 16-, 
and 18-carbon fatty acids were all absorbed 
and to practically the same extent. The re- 
sults with butter, margarine and coconut oil 
suggested an incomplete hydrolysis of the 
dietary fat. The 8-carbon atom fatty acid 
n-octanoic acid was very poorly absorbed. 
This was shown by administration of an es- 
pecially prepared fat, “‘capryl olive oil,’’ 
which contained 46 per cent n-octanoic acid. 
When this fat was fed, only 4 per cent of the 
fatty acid was recovered in the chyle fat. 
According to the authors, these and similar 
discrepancies must mean that the dietary 
fat was hydrolyzed at least in part prior to 
or during absorption. The unsaturated fatty 
acids appeared to be absorbed very well; in 
fact, as well as the 14-, 16-, and 18-carbon 
saturated acids. ; 

Fernandes and sil a present a hy- 
pothesis to explain their results: “1. Certain 
almost without 
hydrolysis, e.g., the greater part of the 
markedly unsaturated fats, olive oil, sun- 


fats might be absorbed 
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flower seed oil, linseed oil, and rapeseed oil. 
2. Other fats must first be hydrolyzed com- 
pletely or partially, viz. the fats containing 
short-chain fatty acids are converted in the 
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liver or in the intestinal cells.”” The authors 
note that this hypothesis “cannot be recon- 
ciled with Frazer’s theory of particulate 
absorption.”’ 


THYROXINE THERAPY IN GLYCOGEN-STORAGE DISEASE 


~ 


L. E. Holt (Pediatrics 17, 578 (1956)) ex- 
presses optimism concerning the advance- 
ments in the science of nutrition to be ex- 
pected from continuing collaborative 
research between students of clinical nutri- 
tion and their “friends the enzymologists,”’ 
students of intermediate metabolism. Such 
collaborative effort has already vastly in- 
creased knowledge of the roles of various 
enzyme systems in normal metabolism, and 
has identified dysfunction of specific en- 
zymes underlying many of the so-called 
metabolic diseases. The correction or amel- 
ioration of these known specific enzymatic 
defects becomes the logical therapeutic goal 
of clinicians. In their treatment of 3 children 
with the hepatic form of glycogen-storage 
disease, N. Koulischer and D. E. Pickering 
(J. Dis. Child. 91, 103 (1956)) have em- 
ployed this approach, and report clinical 
improvement in all 3 patients following 
administration of sodium L-thyroxine. 

Glycogen-storage (von Gierke’s) disease 
is a congenital defect of carbohydrate metab- 
olism characterized by deficient glycogenol- 
ysis (conversion of glycogen to glucose) and 
associated accumulation of glycogen in vari- 
ous organs, particularly the liver. When the 
defect is principally in the liver, the patient 
manifests clinical evidence of hypoglycemia, 
exaggerated lipogenesis and secondary ke- 
tosis. The disease appears to be familial, and 
the specific enzymatic defect is presumably 
inherited as a simple recessive trait. This 
defect has been identified as a marked re- 
duction, or complete absence, of glucose-6- 
phosphatase activity in the liver (G. T. Cori 
and J. L. Schulman, Pediatrics 14, 646 
(1954); Nutrition Reviews 14, 63 (1956)). 
The molecular structure of the glycogen 


stored in the livers of patients with the 
classic hepatic form of this disease is usually 
normal (Nutrition Reviews 11, 154 (1953)), 
and the enzyme phosphorylase, which pro- 
motes conversion of glycogen to phosphor- 
ylated hexoses (chiefly glucose-6-phosphate 
and fructose-6-phosphate) is normally ac- 
tive. Because of the absence of effective 
glucose-6-phosphatase activity, these phos- 
phorylated hexoses accumulate in the circu- 
lating blood, and have been shown to repre- 
sent a large portion of the total measurable 
reducing substance in the blood of patients 
with this disease (R. Wagner, Am. J. Dis. 
Child. 90, 580 (1955)). Glucose-6-phosphate 
and fructose-6-phosphate are unable to 
penetrate the cell membrane, in contrast to 
glucose. This may be one of the factors re- 
sponsible for the retarded physical develop- 
ment of carriers of this enzymatic defect. 
The patients studied by Koulischer and 
Pickering included 3 female infants, 2 of 
whom were siblings, and all of whom first 
received medical attention at 6 to 9 months 
of age because of pallor, progressive abdom- 
inal enlargement, and failure to gain weight. 
Marked enlargement of the liver was present 
in each case, and examination of biopsy 
specimens of the livers of 2 of the patients 
revealed characteristic accumulation of 
glycogen within the hepatic cells. 
Metabolic studies performed on these 3 
infants included four-hour and 
galactose tolerance tests after the oral ad- 
ministration of 2 g. per kilogram of body 
weight of either epinephrine 
tolerance tests following the subcutaneous 
administration of 0.03 ml. per kilogram of 
body weight of 1:1000 epinephrine, insulin 
sensitivity tests using 0.05 unit of regular 


glucose 


substance, 
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insulin per kilogram of body weight given 
intravenously, glucagon tolerance tests fol- 
lowing the intramuscular administration of 
0.25 mg. of glucagon per kilogram of body 
weight, and repeated determinations of the 
fasting level of blood sugar. All studies were 
conducted after an eight-hour fast. 

Hypoglycemia was present after fasting 
in all 3 cases, and a high proportion of the 
total reducing substance present was non- 
fermentable (phosphorylated hexoses). Fol- 
lowing the oral administration of glucose, 
blood sugar concentrations rose slowly from 
low fasting levels (46 to 61 mg. per cent) to 
maximum concentrations two and one-half 
to three times greater within sixty minutes. 
Administration of galactose was not followed 
by abnormal accumulation of galactose in 
the blood, suggesting that the livers of these 
patients were able to convert galactose to 
glycogen at a normal rate. Insulin sensitivity 
was exaggerated in all 3 patients. Epineph- 
rine and glucagon normally elevate the con- 
centration of glucose in the blood by increas- 
ing the activity of hepatic phosphorylase 
and thus promoting conversion of glycogen 
to phosphorylated hexoses (Nutrition Re- 
views 12, 132 (1954)); administration of these 
agents to the 3 infants with defective glu- 
cose-6-phosphatase activity produced only 
slight rises in the concentration of total 
reducing substance in the blood. 

On the basis of these observations, 
Koulischer and Pickering designed a thera- 
peutic program for these infants which 
would provide the maximum possible caloric 
intake from protein, avoid the use of carbo- 
hydrates which can be utilized only following 
conversion in the liver (7.e., a galactose-free 
diet), and attempt to increase glucose-6- 
phosphatase activity. For infants, 25 per 
cent of daily caloric requirements was sup- 
plied by protein, 25 per cent by fat, and 50 
per cent by carbohydrate. The basic formula 
used included 15 fluid ounces of soybean 
milk, 15 fluid ounces of water, 314 ounces 
of baby liver or homogenized freshly cooked 
liver, and 1 beaten raw egg. For older chil- 
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dren, 25 per cent of the daily caloric re- 
quirement would be supplied by protein, 
but the fat content of the diet would be in- 
creased to insure palatability. Soybean milk 
was used in place of cow’s milk, and soybean 
bread, or other bread made without milk, 
was prescribed. Eggs, meat, cheese, washed 
large-curd cottage cheese, 10 per cent fruits 
and 5 per cent vegetables complete the diet. 
All fruits were to be cooked or canned with- 
out sugar. In addition to the usual three 
meals per day, mid-morning, mid-afternoon 
and bedtime snacks were offered. The 
authors were pleased with the improvement 
in general nutritional status achieved by 
the use of this diet. 

To promote increased glucose-6-phospha- 
tase activity, sodium L-thyroxine was tried. 
The possible effectiveness of thyroxine as a 
promoter of glucose-6-phosphatase activity 
was suggested by the known relationship 
between thyroxine and bone growth and 
maturation and the relationship of glycol- 
ysis to the latter, as well as by the fact that 
the presence of excess thyroxine leads to 
depletion of glycogen stores in the liver, 
kidney and cardiac musculature. The dosage 
of sodium L-thyroxine employed was selected 
to provide a serum hormonal iodine concen- 
tration greater than 8 micrograms per cent, 
and ranged from 0.10 to 0.15 mg. per day, 
given orally. No toxic effects were observed 
by the authors. 

The previously described metabolic 
studies were repeated after these.3 patients 
had received sodium t-thyroxine for six 
weeks. These studies demonstrated signifi- 
cant decrease of the nonfermentable reduc- 
ing substance from the blood, with a corre- 
sponding increase of fermentable reducing 
substance. Fasting levels of blood sugar re- 
mained low, but sensitivity to insulin was 
reduced, suggesting improvement of the 
ability of the liver to mobilize glucose nor- 
mally in response to insulin-induced hypo- 
glycemia. If thyroxine had merely increased 
the metabolic rates of these children, then 
theoretically the manifestations of the dis- 
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ease should have been exaggerated, and one 
might have anticipated an even greater 
tendency toward hypoglycemia and keto- 
genesis with fasting, greater sensitivity to 
insulin, and reduced responsiveness to 
glucagon and epinephrine. These changes 
did not occur. The observed decrease in 
nonfermentable reducing substance in the 
blood, produced by thyroxine, suggests to 
Koulischer and Pickering that sodium 
L-thyroxine has either unblocked or en- 
hanced the glucose-6-phosphatase activity 
of the livers of these 3 patients. They con- 
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clude that thyroxine therapy has appar- 
ently benefited their patients, but its ulti- 
mate role in the management of hepatic 
glycogen-storage disease must await more 
extensive clinical trial and experimental 
justification. 

These clinical observations suggest that 
thyroid hormone may exert a specific en- 
hancing or potentiating effect on the enzyme 
glucose-6-phosphatase, which completes the 
conversion of hepatic glycogen to utilizable 
free glucose. 


ORAL HYPOGLYCEMIC AGENTS 


Despite the efficacy of insulin treatment 
in nearly all cases of diabetes not controlled 
by dietary management, the fact that it 
must be given daily or even more frequently 
by subcutaneous injection has been irksome 
to many diabetic patients. Stimulated by 
the complaints of these patients, there has 
been a continuing search for an effective, 
nontoxic oral hypoglycemic agent. A num- 
ber of agents which have been subjected to 
clinical study in the past have either proved 
to be ineffective or to have serious toxicity 
such as that demonstrated by “Synthalin’”’ 
(decamethylene diguanidine). Recent devel- 
opments in this field by German workers are 
of great investigative interest and potential! 
therapeutic importance. 

The discovery of the hypoglycemic action 
of certain sulfonamide derivatives occurred 
by chance during a consideration of their 
antibacterial action. J. Fuchs noted the 
symptoms of hypoglycemia in himself while 
taking 1-butyl-3-para-aminobenzenesulfon- 
ylurea, “BZ-55’”’ (H. Franke and Fuchs, 
Deutsch. med. Wcehnschr. 80, 1449 (1955)). 
A hypoglycemic action of BZ-55 was demon- 
strated also in about 80 per cent of 50 dia- 
betic patients studied. The effects were most 
definite in those patients whose diabetes was 
of mild to moderate severity and least in 
young diabetic patients with labile or 


“brittle”? diabetes. The initial dose of the 
drug was 1 g. three times a day and the 
maintenance dose was 1.0 to 1.5 g. a day. 
On the basis of fragmentary pathologic ob- 
servations of the pancreatic islets, the 
authors attributed the hypoglycemic action 
to an antagonism to glucagon. Although the 
clinical data in this report are incomplete, 
there is little doubt of the validity of the 
fundamental observation on the basis of the 
charts presented. 

Further information concerning this drug 
has been provided by J. D. Achelis and K. 
Hardebeck (Deutsch. med. Wcehnschr. 80, 
1452 (1955)). After oral administration a 
blood level of the drug of 14 mg. per cent is 
rapidly reached. The urinary excretion of 
the drug is very slow, and even after twenty- 
four hours the blood level remains elevated. 
Although a moderate hypoglycemic action 
was demonstrable in normal rabbits, alloxan 
diabetic rabbits failed to respond in a uni- 
form fashion. In chronic toxicity studies 
“changes”’ in the alpha cells of the pancreas 
were observed in half of a group of rats and 
rabbits treated with the drug. 

Results of the clinical trial of BZ-55 in 82 
diabetic patients have been summarized by 
F. Bertram, E. Bendfeldt, and H. Otto 
(Deutsch. med. Wehnschr. 80, 1455 (1955)). 
They report “surprising” results in most of 
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the adult patients but not in juvenile dia- 
betic patients. The drug was not considered 
helpful in acidosis. It was well tolerated by 
the patients. Changes in the blood cells, 
blood pressure, kidney function, or liver 
function were not observed. One patient de- 
veloped hepatitis on the tenth day of treat- 
ment, but prodromal symptoms had been 
noticed before treatment had been begun. 
Three patients developed dermatitis and 3 
additional patients complained of general- 
ized pruritus (itching). 

Substitution of a methyl group for the 
amino group of BZ-55 results in a second 
drug with hypoglycemic properties which is 
being widely investigated in this country 
under the name ‘‘Orinase.’”’ A preliminary 
report has appeared by M. Miller and J. W. 
Craig (Metabolism 5, 162 (1956)), who used 
this drug in 3 patients with diabetes of 
vastly different clinical characteristics. The 
first patient was obese and had stable dia- 
betes. The second patient represented an 
unusual type of diabetes associated with 
fatty atrophy and insulin resistance. The 
third patient’s diabetes followed subtotal 
pancreatectomy. A hypoglycemic effect was 
observed in all 3 subjects. 

The mechanism of action of these drugs 
an effect 
was observed by Miller and Craig in a par- 


remains obscure. The fact that 
tially depancreatized human subject makes 
unlikely the view that the drug inhibits 
glucagon as has been suggested by the 
German authors. I. A. Mirsky, G. Perisutti, 
and D. Diengott (Metabolism 5, 156 (1956)) 
have suggested that the drugs act by in- 
hibiting insulinase. Both BZ-55 and orinase 
caused hypoglycemic responses in the rat. 
Sixty minutes after the administration of 
orinase the livers of rats had a fall in insu- 


A LONG-TERM 


Studies of food intake are open to many 
questions, the chief of which is the extent to 
which any record, regardless of its accuracy, 
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linase activity from 167.7 to 139.7 units. At 
thirty minutes there was no significant 
change. Direct addition of 25 mg. of BZ-55 
or orinase to a crude liver insulinase in vitro 
contained in a total volume of 2 ml. inhibited 
the destruction of insulin. The inhibition of 
insulin destruction appeared to be non- 
competitive. 

There can be no doubt that the results 
reviewed represent a major development in 
the field of diabetes research. The hypogly- 
cemic action of these agents cannot be at- 
tributed to a direct hepatic toxicity on the 
basis of the present evidence. Further elu- 
cidation of the mechanism of action is 
urgently needed. The sketchy clinical data 
presented indicate that not all diabetic 
patients will respond to the drug and many 
of the patients showing some effect cannot 
be considered to be under good therapeutic 
control. The patients exhibiting the most 
striking results happen to be the ones most 
benefited by careful dietary treatment. It 
would be an unfortunate thing if the im- 
portance of diet in the treatment of obese 
diabetic patients should become neglected 
because of oral hypoglycemic agents. The 
most serious consideration which will deter- 
mine the eventual usefulness of these agents 
concerns their delayed toxicity. Their close 
structural resemblance to sulfonamides 
already in clinical use makes it reasonable 
to fear the development of such late major 
complications as exfoliative dermatitis, 
thrombocytopenia, agranulocytosis, hepatic 
necrosis, or generalized angiitis. A prolonged 
period of carefully controlled clinical obser- 
vation must precede the release of these 
agents for general use. It is hoped that the 
manufacturers will be able to withstand 
what will be a tremendous pressure for pre- 
mature general distribution. 


DIETARY STUDY 


is representative of an individual’s or 
group’s long-term intake. In an effort to 
secure information on the latter point, E. W. 
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McHenry, H. P. Ferguson, and J. Gurland 
(Canad... Pub. Health 36, 355 (1945)) had 
31 gradu students and laboratory tech- 


nicians ' ecords of their food intakes for 
the first week in each month for an entire 
year. 


The nutrient content of the records was 
calculated from tables of food composition. 
For each weekly period, a record was kept 
of the number of persons whose intakes were 
less than 70 per cent of the National Re- 
search Council Food and _ Nutrition 
Board’s Recommended Dietary Allowances. 
Throughout the year, only a few persons 
were in this category for calories, protein, 
calcium, iron and vitamin A. A considerable 
number of subjects (up to 50 per cent for a 
few months) were low, according to the 
above criteria, in their intake of thiamine, 
riboflavin and ascorbic acid. For all of the 
nutrients there was a marked monthly vari- 
ation in the number of subjects who recorded 
low intakes. 

The variations in the dietary records from 
month to month so impressed McHenry and 
co-workers that they concluded “that die- 
tary surveys for a period of one week should 
not be used to ascertain the extent of de- 
ficiencies in persons having...a free-will 
choice of foods.” 

An extended record of food intake has 
been reported by G. M. Chappell (Brit. /. 
Nutrition 9, 323 (1955)). She kept a careful 
record of what she ate over a period of sixty- 
one consecutive weeks and what her father 
ate for thirteen weeks. Miss Chappell was a 
34 year old university lecturer, whose height 
was 175 cm. (69 inches) and weight was 
62 kg. (136 pounds) in 1949 when the diet 
records were kept. Her caloric expenditure 
was described as “‘a little less than ‘moderate 
activity.’’”’ The father was 66 years old, his 
height was 169 em. (6614 inches), and his 
weight 101 kg. (222 pounds). He was retired, 
but his daily walks increased his activity 
slightly above that of a sedentary individual. 
The health of both persons was good. 

All food eaten throughout the period was 
weighed; any plate waste was also weighed. 
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Where the food consisted of dissimilar com- 
ponents (lean and fat of meat, icing on cakes, 
pastry on fruit tarts), it was divided and 
weighed separately before eating. For dishes 
prepared at home, the separate ingredients 
were weighed and the weight of the final 
dish determined to make proper allowance 
for the changes in weight during cooking. 
The fat used in frying was weighed as well 
as that remaining in the pan, so that the 
exact amount absorbed by the food could be 
calculated. Any foods eaten in restaurants 
were weighed, together with plate waste. 

The composition of the diets was calcu- 
lated from tables of food composition; a few 
foods were analyzed. During the study, 490 
foods were listed; the greatest number for 
either subject in any one week was 78. 

The mean daily intakes for the woman 
and man respectively (with the range) were: 
calories 2275 (1874 to 2651), 3089 (2572 to 
3520); protein 67 g. (51 to 82), 99 g. (89 to 
109); fat 88 g. (69 to 106), 121 g. (98 to 146); 
calcium 1.1 g. (0.8 to 1.4), 1.4 g. (1.2 to 1.6); 
iron 12.8 mg. (8.7 to 19.3), 15.8 mg. (12.3 to 
19.6); vitamin A 2830 1.u. (1240 to 4800), 
3100 1.u. (1760 to 6530); thiamine 1.2 mg. 
(0.9 to 1.6), 1.6 mg. (1.4 to 1.9); riboflavin 
1.6 mg. (1.2 to 2.1), 1.8 mg. (1.6 to 2.3); 
niacin 10.1 mg. (6.9 to 15.0), 13.1 mg. (11.2 
to 18.4); ascorbic acid 146 mg. (78 to 250), 
104 mg. (73 to 132). Appropriate allowances 
were made in the calculations for the vita- 
mins that were destroyed during cooking. 

The above intakes are very good according 
to any recommended dietary allowance, 
which is not too surprising since the subject 
was obviously interested in nutrition. Part 
of the reason for the high intake of nutrients 
that are frequently in short supply is the 
fact that the woman consumed 5.7 pints of 
milk per week, while the man consumed 6.4 
pints. Even though the woman ate no meat 
other than bacon, ham and poultry, slightly 
more than half of her protein came from 
animal sources—primarily fish and milk. 
The high ascorbic acid intake came largely 
from fruits and vegetables that were used in 
salads. 





206 


The surprising thing revealed by the study 
was that in a year the woman ate 0.71 ton 
(U.S.) of food, while the man ate 0.76. Such 
a figure would be obvious if a simple calcu- 
lation were made, but to see it as an uncom- 
promising statistic makes one wonder if he 
isn’t eating too much. The woman ate, as a 
daily average, 3.9 lbs. of food and the man 
4.17. 

Comparison of the average intake for the 
entire year with that for one week showed 
that protein, fat, calories, calcium, iron, 
thiamine, riboflavin and niacin had standard 
errors of 7 to 15 per cent. For vitamins A 
and C, the standard errors were 25 per cent. 
Extending the dietary survey from one to 
additional weeks gradually reduced the 
standard error, but even at twelve weeks 
they were 45 to 75 per cent of the one-week 
values. A greater reduction in the standard 
error occurred by distributing the twelve 
one-week dietary periods randomly through- 
out the year instead of in consecutive weeks. 

Extensive calculations are made in the 
paper relating the average food intake of the 
2 subjects to the standards of the British 
Medical Association and Canadian Council 
on Nutrition, and the Recommended Dietary 
Allowances of the National Research Council 
Food and Nutrition Board. These indicated 
that the woman consumed almost exactly 
the amount of calories, protein and iron 
recommended by the British Medical Asso- 
ciation standards, whereas her consumption 
of calcium, vitamin A, thiamine, niacin and 
riboflavin were from 12 to 35 per cent above 
the standards. Ascorbic acid consumption 
was more than, seven times the standard. 
When compared to the NRC Food and Nu- 
trition Board standards the caloric intake, 
and that of protein, iron, calcium, thiamine 
and riboflavin were within 10 per cent of the 
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Recommended Allowances, while vitamin A 
was only slightly higher and ascorbic acid 
was about twice the standard. For the man, 
the consumption of practically all nutrients 
according to all three standards was from 
5 to 163 per cent more than the standard, 
except for ascorbic acid where the intake 
ranged up to five times the standard. 

Since the body weights of the subjects 
remained constant throughout the study and 
there were no indications of poor health, the 
records indicate what nutrient intakes wil! 
maintain a person over a long period of time. 
No conclusions can be reached as to how 
much lower the food intake can go with 
safety. The records also show that the 
Recommended Dietary Allowances of the 
NRC Food and Nutrition Board can be 
achieved even in a country where food ra- 
tioning is in effect (rationing in England 
was lifted toward the end of the study). 

There are limitations to a record such as 
that kept by Miss Chappell since it may be 
representative of only a small segment of 
the population. Her interest in nutrition as 
manifested by the inconvenience to which 
she submitted herself in order to keep the 
records extended to her choice of foods. 
Throughout the entire period, her nutrient 
intake was excellent by any standard. This 
may not be true of many people and for that 
reason the variations reported in the seasonal! 
dietary intake may be too low. The report is 

valuable, however, in providing the type of 
statistical data that is urgently needed. 
Records such as this together with the com- 
parison of calculated versus analyzed values 
for diets (Nutrition Reviews 7, 343 (1949)) 
will ultimately provide the information that 
is needed for a better evaluation of dietary 
records. 


ARSENICALS AS GROWTH PROMOTERS 


Various forms of arsenic, both inorganic 
and organic, have been used for many years 





in medical practice as a general tonic and 
for the treatment of a number of diseases in 
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man and animals. However, only since the 
report of N. F. Morehouse (Poultry Sci. 28, 
375 (1949)) has it been recognized that or- 
ganic arsenicals promote growth under cer- 
tain environmental conditions when added 
to diets of apparently “normal” animals 
(chickens, turkeys, swine, rats and calves). 
At present, considerable amounts of organic 
arsenicals are used in commercial animal 
feeds at levels ranging from 0.005 to 0.01 
per cent, with reported economic profits to 
the producer. 

Several organic arsenicals, all derivatives 
of phenylarsonic acid, have been used as 
growth-promoting agents, including 3-nitro- 
4-hydroxyphenylarsonic acid, arsanilic acid 
(para-aminophenylarsonic acid), and sodium 
arsanilate, which appear to act similarly, 
although differences in tolerances have been 
reported. Inorganic arsenic has been ineffec- 
tive in stimulating growth (H. R. Bird, A. 
C. Groschke, and M. Rubin, J. Nutrition 
37, 215 (1949)). 

The growth-promoting effect of arsenicals 
appears to be similar to the well-known 
effect of antibiotics in stimulating animal 
growth, being most effective in ‘old’ en- 
vironments (see Nutrition Reviews 13, 169 
(1955)). Arsenicals, like the antibiotics, do 
not always stimulate growth in “clean” en- 
vironments or under all dietary conditions 
(A. B. Morrison, W. G. Hunsaker, and J. R. 
Aitken, Poultry Sct. 33, 491 (1954); M. W. 
McDonald, Jbid. 34, 55 (1955); D. A. 
Libby and P. J. Schaible, Science 121, 733 
(1955); Nutrition Reviews 14, 82, 127 (1956)). 
In general, the arsenicals have not been so 
effective as the antibiotics in stimulating 
growth, but additive effects have been seen, 
and will be discussed later in this paper. 

Although arsenic is known to be a partic- 
ularly toxic element, sufficient evidence 
exists to demonstrate the safety of the low 
levels of organic arsenicals used in animal 
feeds when proper precautions are taken 
(see D. V. Frost, Poultry Sci. 32, 217 (1953)). 
When used in feeds the arsenicals must be 
removed from the ration several days before 
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the animals are marketed, as an added pre- 
caution, according to Federal Food and 
Drug Administration regulations. 

Poultry Studies. Several additional studies 
are now available demonstrating the effec- 
tiveness and safety of arsenicals fed to large 
numbers of chickens over long periods of 
time. A report by J. L. Milligan, H. L. 
Wilcke, J. E. Marr, and R. M. Bethke 
(Poultry Sci. 34, 794 (1955)) gives the results 
obtained with 9902 broiler chickens in 13 
well controlled experiments, most of which 
were terminated when the birds were of 
marketing age (10 to 11 weeks). 

A commercial-type basal diet was used 
containing, in addition to the usual ingredi- 
ents, sulfaquinoxaline as a coccidiostat and 
an antibiotic (bacitracin or penicillin). In all 
positive control rations a level of 0.005 per 
cent of 3-nitro-4-hydroxyphenylarsonic acid 
was used. The results showed that in all but 
2 of the 13 experiments the chickens weighed 
slightly but significantly more at the termi- 
nation date. For the 9 trials maintained for 
ten or eleven weeks (7602 chickens) the 
birds fed arsonic acid weighed an average of 
3.18 pounds as compared with 3.10 pounds 
for chickens on the basal diet. Probably this 
very small difference would have been 
greater in the absence of an antibiotic in the 
diet. Market grade was improved by the 
arsenical, but there was no change in feed 
efficiency, mortality, feathering, leg weak- 
ness, or skin pigmentation. 

The effect of feeding phenylarsonic acid 
derivatives throughout the productive life 
of the chicken has been studied by D. A. 
Libby, R. J. Evans, 8. L. Bandemer, and 
P. J. Schaible (Poultry Sci. 34, 972 (1955)). 
These workers found that the arsonic acids, 
when added to a commercial-type ration at 
a level of 0.01 per cent, stimulated early 
growth and improved feed efficiency of 
chicks reared in batteries or in floor pens, 
but not in birds reared on grass range. 
Growth results with penicillin were superior 
to those with arsonic acids and were not 
additive in these experiments. After a year 
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of egg production birds fed arsanilic acid 
showed significantly higher egg production 
(5 per cent) than birds fed the basal diet. 
Hatchability of eggs was not affected and 
no abnormal embryos were seen which could 
be attributed to the arsenicals. 

Analyses of representative eggs, edible 
flesh and liver showed that the arsenic con- 
tent was within a safe level (less than 0.2 
micrograms per gram, as compared with the 
tolerance for animal tissues of 2.65 micro- 
grams per gram tentatively established by 
the Food and Drug Administration, quoted 
by Milligan et al., loc. cit.). Libby et al. re- 
ported that the presence of penicillin in the 
diet increased the amount of arsenic in both 
the liver and flesh of 10 week old birds to a 
small extent. The effect of penicillin on egg 
production was not studied. 

Turkeys are also known to respond to the 
feeding of arsonic acids under certain condi- 
tions in a manner similar to their response 
to antibiotics, confirming the work of 
Morehouse (loc. cit.) (G. W. Anderson, J. 
D. Cunningham, and 8. J. Slinger, J. Nu- 
trition 48, 539 (1952); J. MeGinnis, J. R. 
Stern, R. A. Wileox, and J. S. Carver, 
Poultry Sci. 30, 492 (1951)). Even in the 
presence of an antibiotic (penicillin) in the 
diet, 
arsonic acid gave “beneficial”? results over 


feeding of 3-nitro-4-hydroxyphenyl- 
the entire growing period when improved 
growth and feed conversion were considered 
(W. F. Pepper and Slinger, Jbid. 34, 928 
(1955)). In these experiments of Pepper and 
Slinger no improvement was obtained with 
arsanilic acid, contrary to the results ob- 
tained with thé 3-nitro compound. 

Swine. The organic arsenicals have also 
been used in swine feeds for the control of 
nonspecific diseases and for growth promo- 
tion. Growth responses have been most often 
obtained in “old” environments (L. E. 
Carpenter, Arch. Biochem. Biophys. 32, 181 
(1951)). Several negative reports have ap- 
peared (see D. E. Becker, S. W. Terrill, R. 
J. Meade, and R. M. Edwards, Antibiotics 
and Chemotherapy 2, 421 (1952)), indicating 
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that responses to arsenic supplementation 
depend upon the “disease level,’ as do 
responses to antibiotics. 

A recent study with baby pigs fed purified 
diets (H. E. Schendel and B. C. Johnson, 
J. Animal Sci. 14, 19 (1955)) showed that 
when the diet contained 0.009 per cent of 
arsanilic acid pigs gained a total of 6.16 kg. 
over a four-week period as compared with 
a gain of 4.16 kg. for the pigs fed the basal 
diet. Although only a few pigs were used, 
the differences were significant. No anti- 
biotics were present in the basal ration, 
although sulfathalidine was added to contro! 
scouring. 

Additional studies with 80 pigs fed prac- 
tical rations from weaning to market weight 
demonstrate again the apparent safety of 
feeding 0.0033 to 0.01 per cent of arsanilic 
acid (L. E. Hanson, L. E. Carpenter, W. J. 
Aunan, and E. F. Ferrin, J. Animal. Sci. 
14, 513 (1955)). Growth rate was improved 
by about 5 per cent with arsanilic acid, but 
the differences were not significant. Arsenic 
retention in the muscle, fat, or skin was 
rather low (less than 0.5 micrograms per 
gram of fresh tissue), while values for liver 
and kidney tissue were higher (up to 4.0). 
When arsanilic acid was removed from the 
ration for several days before slaughter the 
values were much lower (see also J. H. 
Bridges, F. Hale, H. O. Kunkel, and C. M. 
Lyman, J. Animal Sct. 13, 912 (1954)). 

Other Observations. In preliminary studies 
with rats G. Kessler, R. E. Vanderlinde, and 
E. G. Schmidt (Antibiotics and Chemother- 
apy 4, 511 (1954)) found that 3-nitro-4- 
hydroxyphenylarsonic acid, at a level of 
0.00125 per cent in a natural diet, resulted 
in a significant growth response and im- 
proved feed conversion in two trials. No 
stimulation occurred when the arsenical was 
added to a semisynthetic diet, to certain 
deficient diets, or to a natural diet contain- 
ing an antibiotic. 

Relatively few studies have been reported 
on ruminants fed organic arsenicals. In a 
preliminary study G. C. Graf and C. W. 
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Holdaway (J. Dairy Sci. 35, 492 (1952)) 
reported a growth-promoting action along 
with a lowered incidence of scours from feed- 
ing arsanilic acid to calves. Additional 
studies by F. G. Owen, H. H. Voelker, N. 
L. Jacobson, and R. 8. Allen (J. Dairy Sci. 
38, 891 (1955)) have compared the effect of 
feeding several antibiotics with that of 
giving 3-nitro-4-hydroxyphenylarsonic acid 
to a total of 62 Holstein calves. The arsenical 
resulted in increased weight gains over a 
twelve-week period (28 per cent) similar to 
those obtained in trials with 3 antibiotics 
(11 to 35 per cent weight gains). Feed utili- 
zation was also improved. Blood cell counts 
and other blood measurements were unaf- 
fected by the treatments used. Levels of 
arsenic in the tissues were not studied. 

The use of the arsonic acids in lamb feed- 
ing has not resulted in significant growth 
stimulation (L. L. Bucy et al., J. Animal 
Sci. 13, 668 (1954); 14, 435 (1955)). 

It may be concluded that the feeding of 
derivatives of phenylarsonic acid results in 
growth stimulation in a number of species 
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of animals under certain environmental con- 
ditions as yet remaining undefined. If tested 
under nonspecific ‘disease’ conditions the 


arsenicals seem especially active; however, 
under ‘clean’ conditions positive results 
are not always obtained. Thus, as is the case 
with other growth promoters, the organic 
arsenicals should not be considered as spe- 
cific nutrients but as agents which stimulate 
growth indirectly. Many problems remain 
to be studied more fully, such as the mech- 
anism of growth promotion, interrelations 
with antibiotics, tolerances of animals and 
man to high levels of arsenicals, factors 
affecting the arsenic residues in meats, and 
the effect of environmental organisms on 
growth stimulation. 

The application of these studies to man 
are rather obvious. The use of arsenicals in 
animal feeds results in an increase in our 
food supply and improvement in animal 
health. However, because of the toxic nature 
of arsenic continued caution is necessary in 
the interpretation of animal experiments 
and in regard to the arsenic content of food. 


VITAMIN SYNTHESIS IN RUMINANTS 


It has been known almost since their dis- 
covery that vitamins of the B-complex 
group can be synthesized by the intestinal 
flora of many animals. In particular, adult 
ruminants have been shown to be capable of 
complete independence from an exogenous 
source of these vitamins (S. K. Kon, Proc. 
Nutrition Soc. 3, 217 (1945); Nutrition Re- 
views 1, 297, 389 (1943)), although the 
young of these species do not show this 
ability before development of the rumen 
(Ibid. 9, 303 (1951)). This subject is of con- 
cern not only in the study of synthesis and 
metabolism of the vitamins, but also in con- 
nection with the practical problem of the 
vitamin content of milk from animals on 
rations possibly deficient in one or more 
members of the B-complex. 

Recently, A. Rerat (Ann. de la Nutrition 





et de l’Alimentation 9, 306 (1955)) reported 
preliminary results of a study aimed at the 
complete elucidation of vitamin synthesis 
and utilization in the digestive tract of 
ruminants. Sheep were placed on three dif- 
ferent regimens of known vitamin content: 
pasturage, dry fodder, or green fodder. The 
contents of the rumen, reticulum, omasum, 
abomasum, ileum, cecum, colon and rectum 
were then analyzed microbiologically for 
thiamine, riboflavin, niacin, pantothenic 
acid, biotin and vitamin Bis. With the ex- 
ception of vitamin By», the vitamin content 
of the chyme was proportional to that of 
the diet, the grass diet being the best source 
of vitamins. However, synthesis of all the 
vitamins evidently occurred. Analysis of 
the contents of the various segments of the 
gastrointestinal tract revealed that the 








210 NUTRITION REVIEWS 


major site of synthesis of thiamine, ribo- 
flavin, niacin and pantothenate is the reticu- 
lum. Absorption of these vitamins starts in 
the abomasum and is completed in the small 
intestine. Biotin and vitamin By, however, 
are synthesized in the rumen, the latter 
being absorbed in the small intestine and 
again synthesized in the cecum. 

For a study of the absorption of the vita- 
mins, the various segments of the gastro- 
intestinal tract were tied off and known 
amounts of the vitamins were introduced. 
The vitamin content of the segment and of 
the efferent blood were then measured at 
intervals. Absorption of niacin began in the 
reticulum, became maximal in the small 
intestine and dropped off in the large in- 
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testine. No absorption from the rumen was 
apparent. The route of absorption of 
thiamine and riboflavin remained obscure 
and was thought by the author possibly to 
be via the lymphatics. 

Considerable work remains to be done on 
this subject. Some distinction must be made 
between the amounts of a vitamin liberated 
for absorption or retained by the intestinal 
bacteria. The study of the absorption ought 
to be completed and the inclusion of the ab- 
sorbed vitamins in the milk should be re- 
viewed. The possibility remains that the 
synthesis is sufficient to maintain the animal 
but would not alone be adequate for a large- 
scale production of milk. 


CITRATE AND RICKETS IN RATS 


The deficiency disease rickets may be seen 
in children deficient in vitamin D even 
though the diet contains adequate propor- 
tions of calcium and phosphorus. In con- 
trast, to produce rickets in rats the diet 
must not only be deficient in vitamin D but 
must also have an abnormal calcium: 
phosphorus ratio. When the diet fed to rats 
contains high levels of calcium with the 
phosphorus present chiefly as phytate, 
citrate has been shown to be antirachitic 
(A. T. Shohl, J. Nutrition 14, 69 (1937)). 
It has been suggested that citrate increases 
the availability of phytate phosphorus 
(H. G. Day, Ibid. 20, 157 (1940)). 

The relationship of dietary citrate to 
rickets in the rat has been studied by V. J. 
Pileggi, H. F. De Luca, J. W. Cramer, and 
H. Steenbock (Arch. Biochem. Biophys. 
60, 52 (1956)) and by Cramer, E. I. Porrata- 
Doria, and Steenbock (/bid. 60, 58 (1956)). 
In the first experiments rats were fed a 
semisynthetic diet containing 1.3 per cent 
calcium and 0.38 per cent phosphorus. 
Essentially all the phosphorus was present 
in phytate. Under these conditions either 


vitamin D or citrate was antirachitic as 
measured by femur weight, bone ash, or 
metaphyseal widths. In order to relate this 
effect to phytate utilization balance studies 
were conducted. The intake and fecal excre- 
tion of phytate phosphorus were measured 
and the amount available to the animal was 
then calculated. It was found that supple- 
mentation of the diet with either citrate or 
vitamin D increased the amount of phytate 
phosphorus available to the animal. 

Enzyme studies were carried out in an 
effort to elucidate further the citrate effect. 
It was found that citrate supplementation 
not only failed to increase, but actually 
decreased intestinal and fecal phytase 
activities. Phytase is the enzyme which 
hydrolyzes phytate and liberates the phos- 
phorus in a form which can be absorbed. 
These results indicate that the action of 
citrate in increasing the availability of 
phytate phosphorus is not related to the 
enzyme phytase. 

The next experiments were designed to 
determine if citrate was antirachitic when 
added to diets containing no phytate. Rats 
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were fed various quantities of calcium and 
phosphorus as inorganic salts. When the 
diet contained adequate calcium and low 
phosphorus, or high phosphorus and low 
calcium, citrate exerted no antirachitic 
effect. When the rats were fed 1 per cent 
calcium and 0.2 per cent phosphorus, citrate 
exerted a definite antirachitic effect. These 
results then show an antirachitic effect of 
citrate added to diets containing no phy- 
tate; hence, citrate must have other effects 
in addition to increasing the availability of 
phytate phosphorus. 

It seemed most likely that the well known 
calcium-complexing action of citrate was 
responsible for the observed effects on 
calctum and phosphorus metabolism. The 
formation of such a complex could prevent 
the inhibition of phytate hydrolysis by cal- 
cium, an effect which presumably requires 
the calcium ion. The formation of such a 
complex could also interfere with the forma- 
tion of calcium phosphate salts and thereby 
influence the absorption of these ions. Such 
reasoning suggested that with a carefully 
chosen calcium: phosphorus ratio it might 
be possible to demonstrate a rachitogenic 
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effect of citrate. It was found that when the 
diet contained 0.5 per cent calcium and less 
than 0.02 per cent phosphorus, citrate was 
rachitogenic. The addition of citrate to such 
a ration decreased the absorption of calcium 
and decreased the quantity of bone ash. 
These effects were counteracted by vitamin 
D. Calcium and phosphorus balance studies 
and measurements of metaphyseal widths 
gave additional evidence for the rachitogenic 
action of citrate under these dietary con- 
ditions. 

These results emphasize that in studies of 
factors which affect bone formation careful 
attention must be given to the calcium: phos- 
phorus content of the diet. Thus citrate 
may exert a rachitogenic or an antirachitic 
effect depending on the diet composition 
with respect to these two elements. In 
general it appears that citrate is antirachitic 
when added to a diet containing high levels 
of calcium and containing phosphorus 
chiefly as phytate. When the diet contains 
optimum levels of calcium and extremely low 
levels of phosphorus, the latter being present 
in inorganic salts, citrate may be rachito- 
genic. 


MECHANISM OF ACTION OF. VITAMIN K 


The mechanisms of action of the fat- 
soluble vitamins have been only partially 
elucidated. Often a general function is 
assigned to one of them only to have the role 
of the vitamin in the function remain ob- 
scure. In the case of vitamin K, a function 
in blood clotting was narrowed down to the 
production of a factor necessary for the con- 
version of prothrombin to thrombin (Nu- 
trition Reviews 9, 36 (1951)), but the action 
of the vitamin in producing the factor was 
not revealed. Moreover, the active form of 
the vitamin has not been apparent. It has 
been thought to be possible that vitamins 
K, and Ky, are transformed in the body into 
2-methylnaphthoquinone or that the reverse 


transformation takes place. It has even been 
postulated that the active factor is actually 
phthalic acid. 

C. Martius and D. Nitz-Litzow (Biochim. 
et biophys. acta 12, 134 (1953)), working 
with rat-liver mitochondria in vitro, found 
that dicumarol and some of its analogs 
depressed oxidative phosphorylation, and 
postulated that this information revealed 
the mode of action of vitamin K as part of 
an enzyme system concerned with the 
“coupling” of oxidation and phosphoryla- 
tion. 

More recently, the same authors (C. 
Martius and D. Nitz-Litzow, Biochem. 
Z. 327, 1 (1955)) have reported a series of 
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experiments confirming and extending their 
previous results. Using a preparation of 
rat-liver mitochondria with beta-hydroxy- 
butyrate as substrate, these workers first 
compared the inhibition of phosphorylation 
(per cent decrease in phosphorus: oxygen 
(P/O) ratio) by a number of dicumarol 
analogs with their “anticoagulation index” 
(dicumarol = 100). In most the 
“uncoupling” effect and the anticoagulation 
index had the same relative orders of 
magnitude. Dicumarol itself was consider- 
ably more effective for both actions than 
were the synthetic derivatives and had a 
stronger ‘‘uncoupling” action than did a 
commercial rodenticides with 


cases 


number of 
which it was compared. 

In a second series of experiments, mito- 
chondrial preparations from vitamin K- 
deficient chicks were used. A 28 per cent 
increase in oxidative phosphorylation was 
obtained when the medium was made 107° 
molar in vitamin K, (phytyl side chain). 
2-Methylnaphthoquinone (menadione) was 
inactive at 10-° molar and inhibitory at 
2 X 10-° molar. Two other vitamin K 
analogs were tested in this manner; 3- 
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(gamma - methylerotyl) - 2 - methylnaphtho- 
quinone behaved as did menadione, but 
3-farnesyl-2-methylnaphthoquinone had an 
effect comparable to that of vitamin K. 

The authors concluded from these data 
that menadione should be classified as a 
provitamin to which a phytyl chain could 
be added in the animal body. Although 
the addition of the phytyl group itself 
would seem an unlikely task for the animal, 
it is evident that other long-chain fat- 
soluble groups (as farnesyl or difarnesy]) 
may be equally effective in conferring this 
type of action to the methylnapthoquinone 
nucleus, and, indeed, could be added in the 
animal body or the gastrointestinal tract. 
Martius and Nitz-Litzow point out that the 
actual vitamin K action must reside in the 
nucleus while the side chain acts as a carrier 
binding it to lipoprotein for transport to the 
site of action. 

Thus a possible role has been found for 
vitamin K in metabolic reactions. It is not 
evident how the newly proposed role of 
vitamin K may be related to its known 
function in the coagulation process. 


DIETARY FAT AND THE THIAMINE REQUIREMENT 


Since the studies of H. M. Evans and 8. 
Lepkovsky (J. Biol. Chem. 83, 269 (1929)) 
and H. G. K. Westenbrink (Arch. neerl. de 
physiol. 19, 94 (1934)) showing a sparing 
action of dietary fat upon the thiamine 
requirement of the animal were reported, it 
has been generally accepted that the need 
for thiamine is related primarily to the rate 
of utilization of nonfat 
organism. The establishment of the bio- 
chemical role of thiamine as a component of 


calories by the 


the coenzyme cocarboxylase, which is re- 
quired in the enzymatic oxidation of pyru- 
vate and other alpha-keto acids which are 
not intermediates in the primary catabolism 
of fatty acids to active acetate, seems to 


support the thiamine-sparing role of dietary 
fat. 

A. R. Kemmerer and H. Steenbock (J. 
Biol. Chem. 108, 353 (1933)) studied the 
tissue content of thiamine in rats fed diets 
low in thiamine and varying in their content 
of fat, and concluded that the fat content of 
the diet did not influence the loss of thiamine 
from the body. H. M. Evans and 8. Lep- 
kovsky (Ibid. 108, 439 (1935)), however, 
came to quite opposite conclusions in similar 
experiments with rats. It seemed possible 
therefore that several factors could be oper- 
ating to account for the thiamine-sparing 
action of dietary fat. Westenbrink (loc. 
cit.) suggested several possibilities: (1) 
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When fat is fed, the organism uses less 
thiamine in its metabolism than when carbo- 
hydrate is fed. (2) The use of thiamine by 
the organism is the same no matter what the 
proportion of fat and carbohydrate in the 
diet, but the presence of high fat operates 
in an unknown manner to delay the onset of 
the signs of polyneuritis. (3) In animals fed 
a high carbohydrate diet a toxic metabolite 
is formed which is not removed in the 
absence of the vitamin and causes the 
polyneuritis. 

These questions are still not entirely 
settled. S. N. Gershoff and D. M. Hegsted 
(J. Nutrition 54, 609 (1954)) have reported 
a study of the effects of high fat diets and 
thyroxine upon the rate of thiamine loss 
from the tissues of mice. Mice fed diets 
devoid of thiamine and varying in fat con- 
tent from 5 to 20 per cent with and without 
added thyroxine were killed at intervals up 
to seventeen days. The livers and remainder 
of the carcasses were analyzed separately for 
thiamine. Exponential decreases in total 
body thiamine of the same magnitude were 
noted in all the groups, even though the 
animals given thyroxine died soonest, and 
those fed the high fat diet survived longest. 
These workers concluded that rate of thi- 
amine loss from the body was dependent 
only upon the body content of the vitamin 
and that the effects of high fat and thyroxine 
upon the thiamine requirement could not 
be explained on the basis of differential rates 
of utilization of the vitamin. 

L. E. Holt and 8S. E. Snyderman (J. 
Nutrition 56, 495 (1955)) have also presented 
evidence bearing upon this problem. They 
criticized the study of Gershoff and Hegsted 
on two grounds: (1) urinary excretion of 
thiamine was not measured; (2) losses of 
thiamine from brain tissue were not meas- 
ured separately from those from carcass and 
liver. Holt and Snyderman cite the study of 
J. Saleedo, V. A. Najjar, Holt, and E. W. 
Hutzler (Ibid. 36, 307 (1948)) which 
showed that although thiamine losses from 
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heart, kidney and liver of the rat on a 
thiamine-deficient diet followed the ex- 
ponential curve also observed by Gershoff 
and Hegsted, brain tissue held on to its 
thiamine content until a critical point was 
reached, which also corresponded to the 
attainment of minimum thiamine excretion 
in the urine and the onset of signs of de- 
ficiency disease, and thereafter fell as the 
animals developed severe polyneuritis and 
died. 

Holt and Snyderman reported two studies 
designed to establish the thiamine require- 
ment of the human infant maintained on 
purified formulas varying in their content of 
fat and carbohydrate. The plan of the study 
was to adjust the thiamine intake of an 
infant on a formula containing high fat and 
low carbohydrate until urinary excretion of 
the vitamin was just above minimum and 
then alter the formula by increasing the 
carbohydrate and decreasing the fat. The 
effect upon thiamine excretion was then 
noted and the dietary intake adjusted to 
bring the urinary excretion back to the 
control level. The ingredients of the formula 
were vitamin-free hydrogenated 
cottonseed oil, vitamin-free dextrimaltose, 
salts and a vitamin supplement. 

In the first study a normal 8 month old 
male infant weighing 8.3 kg. was fed a 
formula providing 15 per cent of the calories 
as protein, 35 per cent as fat and 50 per cent 
as carbohydrate. Dietary thiamine in the 
amount of 0.20 mg. per day was needed to 
maintain the urinary output of thiamine at 
the near minimal level of 6 micrograms per 
day. When the formula was altered to pro- 
vide 10 per cent of the calories as protein, 
10 per cent as fat and 80 per cent as carbo- 
hydrate, the thiamine excretion fell to 
nearly zero and the dietary thiamine had to 
be increased to 0.28 mg. (40 per cent in- 
crease) in order to restore the urinary 
thiamine excretion to its control level. 

In the second study an 18 month old male 
infant weighing 8.0 kg. was fed a formula 
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providing 40 per cent of the calories as 
protein, 30 per cent as fat and 30 per cent as 
carbohydrate. He needed 0.24 mg. of dietary 
thiamine in order to maintain his urinary 
excretion at near basal levels. When fat was 
omitted from his formula and the carbohy- 
drate raised to account for 60 per cent of the 
total calories, his thiamine excretion fell. 
It was restored to control levels by increasing 
the dietary thiamine to 0.28 mg. per day. 
After a period of equilibration on this 
regimen, dietary fat was again raised and 
excess thiamine appeared in the urine. The 
dietary intake was then lowered to 0.20 
mg. per day in order to return the thiamine 
excretion to the base line. 

Holt and Snyderman concluded from these 
experiments that more thiamine is required 


ROLE OF ASCORBIC 


The considerable body of evidence on the 
effects of ascorbic acid in resistance to in- 
fectious organisms has been both positive 
and negative (Nutrition Reviews 1, 66, 202 
(1943); 2, 178, 241 (1944); 5, 97 (1947); 
H. A. Schneider, Vitamins and Hormones 4, 
35 (1946); C. H. Werkman, V. E. Nelson, 
and E. I. Fulmer, J. Inf. Dis. 34, 447 
(1924)). Moreover, in those cases in which 
ascorbic acid has been shown to promote 
disease resistance, its role has remained 
obscure. The postulate that ascorbic acid 
acts directly on the organisms involved has 
been supported by the work of W. J. Nicker- 
son, J. R. Merkel, and F. Roland (/bid. 98, 
278 (1953)), who reported that low concen- 
trations of reductones in vitro 
inhibitory effect on Escherichia coli. The 
reductones were thought to act by binding 
cobalt as a complex. However, Q. N. 
Myrvik and W. A. Volk (J. Bact. 68, 622 
(1954)) have shown that fresh ascorbic acid 
is not inhibitory in vitro, indicating that it 
is not the enediol group which is responsible 
for inhibition but possibly some oxidized 
derivative. After studying the antibacterial 
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in the metabolism of dietary carbohydrate 
than in the metabolism of dietary fat, and 
that this phenomenon accounts largely for 
the thiamine-sparing action of dietary fat. 

It may be that the great difference in 
design of these experiments accounts for the 
areas of conflict which have arisen. In one 
case infants were fed high and low fat diets 
containing moderate amounts of thiamine. 
In the other, rodents were fed high and low 
fat diets containing no more than traces of 
thiamine. Both the experiments of Gershoff 
and Hegsted and of Holt and Snyderman 
support the view that dietary fat reduces the 
thiamine requirement. However, the mech- 
anism by which high fat diets spare thi- 
amine remains obscure. 


ACID IN INFECTIONS 


spectrums of several compounds which 
might give rise to the enediol grouping, 
Myrvik and Volk came to the conclusion 
that the diketones resulting from the oxida- 
tion of enediols are responsible for the anti- 
bacterial properties. 

In a recent series of experiments, C. H. 
Hill and H. W. Garren (Ann. N.Y. Acad. 
Sci. 63, 186 (1955)) have studied the effect 
of the vitamin in chicks orally inoculated 
with Salmonella gallinarum, the fowl ty- 
phoid organism (see also Nutrition Reviews 
14, 188 (1956)). It was found that inclusion 
in the diet of 0.1 per cent ascorbic acid re- 
sulted in increased survival (by 33 per cent) 
only if all the other dietary vitamins were 
increased ten-fold. When this amount of 
ascorbic acid was injected intramuscularly, 
however, while the other vitamins were fed 
at the high level, the per cent survival was 
increased still further (from 19 to 46). Ap- 
parently, the action of ascorbic acid took 
place in the body rather than the intestinal! 
tract. When another antioxidant, dipheny! 
phenylenediamine, was substituted for ascor- 
bic acid, an even greater survival was 
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obtained but again only when the anti- 
oxidant was used in conjunction with the 
high supplement of other vitamins. 
Although the authors have interpreted 
these results as indicating some process other 
than direct action on the bacteria, other 
interpretations are possible. Thus, ascorbic 
acid may not be active against the bacteria 
in the intestine for several reasons (pH, 
dilution, failure to oxidize, inhibiting com- 
binations, surface phenomena, etc.). How- 
ever, upon entering the blood, it may assume 
antibacterial properties. The necessary par- 
ticipation of high levels of the other vitamins 
may be explained as supplementary to the 
action of ascorbic acid or perhaps as par- 
ticipating in the oxidation of ascorbic acid 
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or other reducing agents to convert them to 
the active form. 

Possibilities of other activity than direct 
actions on the bacteria include the following: 
(1) the presence of a reducing agent in the 
blood may be effective in protecting other 
vitamins or essential substances from oxida- 
tion (Nutrition Reviews 12, 286 (1954)); (2) 
antioxidants may be necessary to facilitate 
specific enzyme reactions entering into the 
resistance of the host to the invading or- 
ganism; (3) antioxidants may act in non- 
specific detoxification. It should be noted, 
however, that high levels of the fat-soluble 
antioxidant, tocopherol, were ineffective in 
substituting for the water-soluble 
pounds. 


com- 


SHORT METHOD OF DETERMINING BIOLOGIC VALUE OF PROTEINS 


The standard procedure for evaluating 
the biologic value of proteins has involved a 
nitrogen balance study with rats for which a 
large number of Kjeldahl determinations are 
required. D. S. Miller and A. E. Bender 
(Brit. J. Nutrition 9, 382 (1955)) have pro- 
posed a shortened procedure whereby the 
protein in the food is the only thing on 
which a Kjeldahl analysis must be made. 
The retention of the dietary protein in the 
body of the rat is determined indirectly 
from the moisture content of the animal’s 
body. The relationship of moisture to pro- 
tein has been expressed by an equation 
which makes allowance for the slight changes 
in the ratio of moisture to protein with the 
age of the rats. 

By the above method the biologic value of 
seven proteins can be determined in ten days 
with 32 rats. In the same way the limiting 
amino acid in a protein can be determined 
by supplementing the protein with triads of 
nine essential amino acids. The procedure, 
which is applicable to many investigations, 
is best described by the results of the 
studies of these workers with casein. Six 
groups of rats received the casein diet sup- 





plemented with three different amino acids; 
another group received the basal casein diet. 
The biologic value of casein was found to be 
60; the values for the amino acid supple- 
mented groups were (read down and across 
for biologic value of combinations of these 
amino acids): 


Histidine Lysine Tryptophan 61 
Methionine Threonine Leucine 84 
Valine Isoleucine Phenylalanine 60 
80 60 61 


Since the only improvement occurred in 
the two groups receiving methionine in the 
supplement, it was apparent that methionine 
was the primary limiting amino acid in the 
casein. 

The suggestion that the biologic value of 
a protein could be determined by the in- 
crease in the nitrogen content of rats as de- 
termined by the body moisture content was 
made a few years ago (A. E. Bender and 
D.S. Miller, Biochem. J. 53, vit (1953)). 

On the basis of the above notes, R. M. 
Forbes and M. Yohe (J. Nutrition 65, 493 
1955)) compared the procedure with the 
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Thomas-Mitchell nitrogen balance method. 
Both the moisture content and the nitrogen 
content determined by the Kjeldahl technic 
gave values for the net protein of blood 
fibrin which agreed very well with the results 
of the Thomas-Mitchell method. This was 
true for the groups that had been kept on a 
stock or other good ration prior to the test. 
Discrepancies occurred when the rats were 
maintained on a low protein ration for a 


week prior to the test. The latter was a 


NUTRITIONAL STATE AND PLASMA FATTY ACIDS 


Investigations stemming from the dis- 
covery that in administration — of 
heparin causes the production of a substance 
capable of clearing lipemic blood both in 
vivo and in vitro have resulted in important 
findings concerning the nature of the clear- 
ing factor and the mechanism of action of 


vivo 


heparin, with possible implications in the 
field of atherosclerosis (Nutrition Reviews 12, 
294 (1954)). These results have led to the 
hypothesis that parts of this system function 
in the normal mechanism of transport and 
utilization of fatty acids. The studies of 
E. D. Korn (J. Biol. Chem. 215, 1, 15 (1955)) 
and of Korn and T. W. Quigley (Biochim. et 
biophys. acta 18, 143 (1955)) have indicated 
not only that the clearing factor is a lipo- 
protein lipase, but also that it may function 
normally in many tissues, such as adipose 
tissue, in the hydrolysis of the triglycerides 
transported in the blood as chylomicrons. 
The finding by B. D. Davis (Arch. Bid- 
chem. 15, 35/ (1947)) and by R. 8S. Gordon 
and co-workers (Proc. Soc. Exp. Biol. Med. 
84, 168 (1953)) that unesterified fatty acid 
in combination with albumin is produced 
during clearing of lipemic blood and is prob- 
ably a normal constituent of the blood ap- 
pears to confirm this idea. It has thus be- 
come apparent that lipoprotein lipase may 
function at some stage in the transport of 
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deviation not included in the Miller-Bendej 
proposal. 

The agreement of the results for th 
biologic value of proteins determined by 
this short method with those measured by 
the more time-consuming nitrogen balance 
study should permit a wider use of this pro/ 
cedure. As the method is used more fre 
quently, it will be possible to evaluate it 
with the same thoroughness as has been 
applied to the longer Thomas-Mitchell pro- 
cedure. 


fatty acids to the cells, but the exact nature 
of the reaction and its regulation have re- 
mained obscure. 

V.P. Dole (J. Clin. Invest. 35, 150 (1956) 
has studied the influence of several nutri- 
tional and hormonal factors on the concen- 
tration of nonesterified fatty acids in human 
plasma. The 82 subjects used in the experi- 
ment included 6 normal men, 57 male and 
female obese patients, 4 tuberculous women, 
3 men with essential hyperlipemia, 3 children 
with rheumatic fever and 9 adult patients 
suffering from various diseases. All subjects 
were fasted ten to twelve hours before a 
test. Further fasting resulted in a gradual 
increase in levels of nonesterified 
fatty acids, as did a high fat meal. In the 
latter case, the rise was no greater than that 
produced by fasting even though the serum 
was markedly lipemic. Evidently lipemia by 
itself did not bring about clearing action to 
the extent seen following heparin injection. 

A mixed meal or glucose caused a marked 
drop in nonesterified fatty acids in serum; 
in the latter case, blood glucose and non- 
esterified fatty acids appeared to have a 
reciprocal relationship. Insulin caused a 
similar drop in these fatty acids while epi- 
nephrine resulted in a sharp rise. The author 
suggested that the concentration of non- 
esterified fatty acids is apparently influenced 


blood 
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by the same factors which regulate the 
concentration of the ketone bodies to which 
they appear to be related metabolically. 

In a comparable study, R. 8. Gordon and 
A. Cherkes (J. Clin. Invest. 35, 206 (1956)) 
obtained similar results using normal sub- 
jects. The effects of fasting and of the ad- 
ministration of glucose, fat and epinephrine 
were the same as those reported above. How- 
ever, the authors noted that the drop in 
plasma unesterified fatty acids occurring 
one to two hours after administration of 100 
g. of glucose was followed, in most cases, by 
a rise to levels above the starting values. 
The rise seemed to occur during the reactive 
hypoglycemic phase of the glucose tolerance 
curve, thus bearing out the reciprocal rela- 
tionship observed by Dole. 

Apparently, the nutritional state and the 
composition of the food markedly influence 
the plasma unesterified fatty acid concen- 
tration. The plasma lipid concentration evi- 
dently has little effect in bringing about 
plasma triglyceride hydrolysis and it appears 
that this is not the primary mechanism for 
reduction of lipemia. Gordon and Cherkes 
noted, however, that unesterified fatty acid 
concentration increased in response to the 
energy requirement necessitated by a low 
blood glucose and decreased in the presence 
of an adequate concentration of the latter. 
One logical source of the unesterified fatty 
acids would be the fat depots, a hypothesis 
which appears especially attractive in view 


ORAL LESIONS IN VITAMIN 


The frequency with which oral lesions 
occur in vitamin B-complex-deficient human 
beings and the gross appearance of these 
lesions have been described (N. Jolliffe, 
F. F. Tisdall, and P. R. Cannon, “Clinical 
Nutrition,” Paul B. Hoeber, Inc., New York 
(1950)). However, the same information is 
not available for the common experimental 
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of the finding of lipoprotein lipase activity in 
that tissue (Korn and Quigley, loc. cit.). 

To test the idea that unesterified fatty 
acids represent the metabolically active 
fraction of the plasma lipids, Gordon and 
Cherkes measured unesterified fatty acid 
concentration in venous and arterial blood 
of the coronary sinus of patients undergoing 
cardiac catheterizations. In agreement with 
theory, the arterial concentration was higher, 
indicating that the (fasting) myocardium 
extracted unesterified fatty acids from the 
blood. Glucose and insulin (in the one case 
tried) abolished the dif- 
ference. In similar experiments, it was found 


arteriovenous 


that the splanchnic area also extracts un- 
esterified fatty acids from the blood. How- 
ever, the levels of these acids in the superior 
and inferior vena cava proved to be some- 
what higher than arterial 
levels, indicating that the unesterified fatty 
acid-albumin 


simultaneous 


complexes may be formed 
peripherally, as in the fat depots, for 
mobilization to other tissues as a readily 
available source of energy when glucose 
levels drop as a result of fasting or other 
influences. Extension of these experiments 
to include other factors influencing the con- 
centration of the plasma unesterified fatty 
acids may well increase our knowledge of a 
rather obscure facet of lipid metabolism 
the means by which the fatty acids are 
actually transferred from their lipid protein 
complexes to a form in which they can 
furnish energy to the cell. 


B-COMPLEX-DEFICIENT DOGS 


animals that are susceptible to deficiencies 
of the vitamin B-complex (R. H. Follis, 
“The Pathology of Nutritional Disease,”’ 
Charles C. Thomas, Springfield, Ill. (1948)). 

D. Afonsky (Oral Surg. Oral Med. Oral 
Path. 8, 206, 315, 438, 543, 656, 769, 867 
(1955)) has conducted a series of experiments 
with 18 adult mongrel dogs between 1 and 
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2 years of age to provide information about 
the appearance of the oral tissues in niacin, 
riboflavin, pyridoxine, folacin and panto- 
thenic acid deficiencies. These dogs were 
divided into six groups of 3 animals each: 
routine controls, pair-fed controls, niacin- 
deficient, riboflavin-deficient, pyridoxine- 
deficient and pantothenic acid-deficient. 
The basal diet was composed, by parts, of 
vitamin test 18, sucrose 68, hy- 
drogenated vegetable oil 10, salt mixture 4 
and bone 4. Water-soluble vitamins 
were administered in what were believed to 
be adequate amounts in aqueous suspension 
daily. The appearance of folacin deficiency 
in one dog during the experiment suggests 
that this member of the vitamin B-complex 
should have been added to the vitamin sup- 
plement for each of the six groups, and raises 
the vitamin B-complex 
adequacy of the supplement. The fat-soluble 
vitamins were given orally once a week. Due 
to heavy calculus deposits in many of the 
dogs, a dental prophylaxis was given at the 
beginning of the experimental period. 

The experimental periods lasted from 167 
to 500 days, during which the dogs experi- 
enced as many as five acute deficiency epi- 
sodes. Each time the missing vitamin was 


casein 


ash 


questions about 


administered and the recovery response was 
observed. The observations on these dogs 
included a detailed examination of the 
mucous membrane, teeth, gums and tongue 
with the naked eye, with a magnifying glass 
and on occasion with a dissecting micro- 
scope. Roentgenograms were taken of the 
teeth and jawbones. Biopsy specimens were 
also collected for examination of the histo- 
logic nature of the abnormalities. In addi- 
tion, studies were made of the blood, gastric 
juice, body weight, food consumption and 
gastrointestinal activity. 

Explicit descriptions are given of the oral 
conditions during the different deficiencies 
and during the recovery periods. In niacin 
deficiency, the dogs developed a glossitis 
that was characterized by a diffuse atrophy 
of the lingual papillae with the exception of 
the circumvallate papillae. The atrophy 
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began at the margins of the tongue opposite 
the canine teeth and spread medially and 
posteriorly at a very rapid rate. The de- 
generation changes were restricted to the 
epithelium and included poor differentiation, 
lack of keratinization and finally atrophy. 

In riboflavin deficiency, there was a 
patchy atrophy of lingual papillae over the 
anterior two thirds of the dorsum which 
paralleled in extent the severity of the de- 
ficiency. The degenerative changes pre- 
dominantly affected the epithelium, and 
the degree of degeneration depended upon 
the duration of the deficiency and the 
number of previous attacks. The epithelia! 
degeneration began along the layer of basal 
cells and was accompanied by rarefaction of 
the epithelium and the adjoining connective 
tissue. This was followed by necrosis of the 
deep layer of the epithelium and by its 
subsequent removal by phagocytic cells and 
replacement by connective tissue. 

The dogs with pyridoxine deficiency had 
a glossitis that was characterized by a 
patchy atrophy of the papillae grossly 
similar to that seen in riboflavin deficiency. 
The degenerative changes in the epithelium 
included loss of keratinization, hydropic 
degeneration and parakeratosis, and were 
sometimes accompanied by nerve degenera- 
tion. 

The glossitis in folacin deficiency was 
characterized by a complete disorganization 
of the papillary layer associated with epi- 
thelial proliferation, papillary atrophy and 
nerve degeneration. 

Pantothenic acid deficiency in dogs was 
accompanied by a very mild glossitis with a 
decrease in the size of the filiform papillae 
and slight hypertrophy of the fungiform 
papillae. These lesions were often not ex- 
tensive enough to permit detection by the 
unaided eye. Occasionally small atrophic 
areas were observed. The degenerative 
changes were restricted to the epithelium, 
which showed poor differentiation, lack of 
keratinization and increased parakeratosis 
with occasional nerve degeneration. 

Recovery from the glossitis observed in 
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any one of the above deficiencies was prompt 
and complete. Although the glossitis varied 
somewhat according to the type of de- 
ficiency, its severity and duration as well 
as the number of previous attacks experi- 
enced, the exact appearances in the indi- 
vidual deficiencies were not sufficiently 
different to permit an accurate prediction of 
which deficiency had caused the signs. How- 
ever, in principle the deficiency signs were 
similar to those seen in man with the same 
vitamin deficiencies. 

There was frequent occurrence of gingi- 
vitis along the gingival margins. This was a 
nonspecific lesion present in association with 
the accumulation of food debris and caleulus 
in both deficient and control animals. In the 
deficiencies studied, the 


gingival lesions 
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could not be differentiated grossly or histo- 
logically from one another, or from the 
lesions in control animals. However, the 
severity of the involvement paralleled the 
extent and duration of the deficiency. 

This study has interesting aspects in the 
consideration of the ways and means to de- 
tect subclinical chronic vitamin deficiencies. 
The use of low power magnification to study 
the and 


profitable use of biopsy material to define 


lesions as well as the extensive 
the micr SCcOpiC character of the lesion might 
well be carried over into diagnosis in man. 
One of the most unfortunate features of this 
series of studies is its publication in a journal 
that is not likely to be seen by most clini- 
cians dealing with surveys of human popu- 
lations. 


INOSITOL BIOSYNTHESIS 


Inositol is known to be an important 
cellular constituent of various tissues of the 
animal body, but its exact metabolic role 
and its nutritional essentiality for higher 
animals have not been fully established. It 
is a constituent of phytin and of certain 
animal phospholipids, is present in large 
amounts in the seminal vesicle secretion of 
the boar, and has been reported to have a 
lipotropic and growth-promoting effect in 
experimental animals under certain dietary 
conditions (Nutrition Reviews 3, 88 (1944); 
7, 120 (1949); 8, 106 (1950); 9, 329 (1951); 
10, 208 (1952); 11, 32/7 (1953); 12, 319 
(1954)). 

Whether inositol must be included in the 
diet of experimental animals has been de- 
bated for a number of years. Recent studies 
prove that inositol is synthesized by intact 
animal tissues, although whether the rate is 
fast enough in all animals to supply the 
tissue requirements remains to be proved. 
E. E. Snell and E. Quarles (J. Nutrition 22, 
483 (1941)) observed that the free inositol 
content of incubating hens’ eggs increased 
sixfold during incubation. This increase was 
interpreted by D. W. Woolley (Proc. Soc. 


Kup. Biol. Med. 49, 540 (1942) 
liberation of inositol from 
the egg rather than to 
inositol itself. 


to be due to 
a bound form in 
biosynthesis of 
Inositol has further 
studied in recent work with immature rats 
and the chick embryo by W. H. Daughaday, 
J. Larner, and C. Hartnett (7. Biol. Chem. 
212, 869 (1955)). Immature male rats, weigh- 


biosynthesis been 


ing 139 to 193 g., were fed two diets contain- 
ing 0.08 mg. and 1.8 mg. of inositol per gram 
of diet respectively. 
(C-labeled) intraperi- 


toneally over a period of several days and 


tadioactive glucose 


was administered 
the animals were killed shortly after the 
last injection. Inositol was then isolated 
from the liver and carcass, and radioactivity 
both 
liver and carcass inositol contained appreci- 


was determined. It was found that 
able radioactivity, suggesting that inositol 
was synthesized in the tissues. Although the 
the 
synthesis were not determined, the specific 


exact source and extent of inositol 


activity of inositol was similar to that of 
liver glycogen, suggesting appreciable en- 
dogenous synthesis. More synthesis occurred 
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in animals fed the inositol-low diet than in 
those fed the high inositol diet. 

Suggestive evidence that the synthesis 
was in the tissues rather than in the in- 
testinal tract was provided by experiments 
with the 7 day old chick embryo in which 
radioactive glucose was pipetted onto the 
chorioallantoic membrane. Three days later 
inositol was isolated and found to be radio- 
active, although the degree of biosynthesis 
was not determined. 

J. W. Halliday and L. Anderson (J. Biol. 
Chem. 217, 797 (1955)) have provided 
further evidence for the biosynthesis of 
inositol in the rat. Male rats weighing 300 
to 400 g. were used in experiments similar in 
plan to those previously outlined (Daugha- 
day and cit.). 
special precautions were taken to mini- 


co-workers, loc. Again, 


mize the inositol arising 
from the intestinal tract and to insure the 
purity of the isolated three 
experiments the 


inositol 


possibility of 


inositol. In 
isolation of radioactive 
indicated a 
within the rat’s own tissues, but, as in the 
former experiment, the actual extent and 


clearly biosynthesis 


site of synthesis could not be determined. 
The nutritional significance of inositol in 

the intact 

clear-cut 


animal is questionable since 


deficiency symptoms are not 
always obtained with modern synthetic or 


purified diets (M. H. McCormick, P. N. 
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Harris, and C. A. Anderson, J. Nutrition 52, 
337 (1954)). The experiments of McCormick 
and co-workers indicate that the rate of 
biosynthesis of inositol is sufficient to take 
care of body demands, at least for the rat. 
These workers used young (35 to 45 g.) 
male rats fed a diet composed of purified 
amino acids, oil, salts, purified vitamins 
and sucrose. Such a diet would contain little 
or no inositol. The addition of inositol (10 
mg. per 100 g. of diet) did not affect the 
growth rate over a sixteen-week period, nor 
was there any difference in the inositol 
content of the carcass, or of urinary or fecal 
output. Microscopic examination of the tis- 
sues of the rats showed no differences which 
could be attributed to a deficiency of 
inositol. 

These results, along with the other studies 
on the biosynthesis of inositol, indicate that 
inositol is not a dietary essential for the rat. 
The requirements of inositol for various 
body functions appear to be met by tissue 
biosynthesis. Thus, without belittling the 
importance of inositol in tissue physiology, 
it would appear from a dietary standpoint 
that inositol should not be considered a 
vitamin for higher animals in the usual sense 
of the word. However, further evidence 
from comparative studies with different 
species of animals will be of interest. 


MEGALOBLASTIC ANEMIA IN GUINEA PIGS 


The most common nutritional anemias of, 


experimental animals are characterized by a 
reduction in the size and average hemoglobin 
content of the peripheral erythrocytes. 
These microcytic, hypochromic anemias may 
be seen in various species of animals de- 
ficient in iron, copper, or vitamin Beg. This 
type of anemia is also frequently seen in 
children deficient in iron. 

Another type of anemia seen in man is 
characterized by an increase in the average 


size of the peripheral erythrocytes and by 
the appearance in the bone marrow of large 
called megaloblasts. This 
macrocytic anemia is seen in pernicious 


abnormal cells 
anemia, sprue, and in the so-called macro- 
cytic anemia of pregnancy and megalo- 
blastic anemia of infancy. The vitamins 
folacin, ascorbie acid, and By» have been 
implicated as playing roles in the macro- 
cytic anemias. Either folacin or vitamin By. 
will correct the blood picture in pernicious 
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anemia although folacin will not correct the 
neurologic lesion. Monkeys fed diets de- 
ficient in ascorbic acid and folacin may de- 
velop megaloblastic anemia (Nutrition Re- 
views 9, 52 (1951)). 

Guinea pigs can be reared on a purified 
diet (M. E. Reid and G. M. Briggs, J. Nu- 
trition 1, 341 (1953)), and exhibit a dietary 
requirement for ascorbic acid. It seems 
reasonable, therefore, to use this species in 
the study of nutritional megaloblastic 
anemia. Such a study has been made by 
R. K. Slungaard and G. M. Higgins (Blood 
11, 123 (1956)). Groups of guinea pigs were 
given a purified diet with omissions of 
folacin, vitamin By, ascorbic acid, and 
various combinations of these vitamins. The 
control animals were given the purified diet 
supplemented with all three vitamins. 
Examinations of peripheral blood and bone 
marrow were made at frequent intervals. In 
preliminary experiments, animals receiving 
the complete purified diet were compared 
with animals receiving a commercial stock 
diet. There were no significant differences 
between the two groups in growth rate or 
in the morphology of peripheral blood cells 
or bone marrow cells. 

Bone marrow studies revealed no sig- 
nificant megaloblastosis 


(appearance of 
megaloblasts in bone marrow) in animals 
deficient in ascorbic acid, vitamin By», or 
both these vitamins. Folacin deficiency re- 
sulted in a significant megaloblastosis, the 


OPTIMUM FATTY ACID 


The problem of the optimum amount of 
fat in the diet is unavoidably tied to that of 
the optimum ratio of fatty acids in the fat 
(Nutrition Reviews 3, 278 (1945); 8, 232 
(1950)). In general, this ratio is not known 
and, as a consequence, many of the studies 
of dietary lipid have not been very revealing. 
In the case of polyunsaturated fatty acids, 


some experiments have been performed 
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incidence of which was increased when the 
animals were also deficient in ascorbic acid. 
Seven of the 8 animals in the latter group 
exhibited megaloblasts in their bone marrow. 
Omission of vitamin By. from the diet of 
these guinea pigs did not influence the de- 
gree of megaloblastosis when this was the 
sole deficiency or when it was superimposed 
upon a deficiency of ascorbic acid or folacin 
or both of the latter. 

Anemia was observed in approximately 
one half of the guinea pigs suffering from 
single deficiencies of any of the three vita- 
mins studied or in animals deficient in any 
two of the vitamins. The 
deficient in all vitamins all 


anemic. The anemia observed in these ex- 


$f guinea pigs 
three were 
periments was not uniformly macrocytic. 
Some of the animals exhibited microcytic 
anemia and others gave evidence of both 
macrocytosis and microcytosis in the same 
blood smear. 

These that in the 
guinea pig folacin deficiency will lead to the 


studies demonstrate 


appearance of megaloblasts in the bone 
marrow and the incidence of megaloblastosis 
is increased by a simultaneous deficiency of 
ascorbic acid. These results are of interest 
in view of the megaloblastic anemia of in- 
fancy which responds to folacin treatment 
and the possible implication of ascorbic 
acid deficiency in the etiology of this disease 
(Nutrition Reviews 9, 52 (1951)). 


RATIO IN DIETARY FAT 


which indicate the amounts necessary for 
optimal growth rate (S. M. Greenberg, C. E. 
Calbert, H. J. Deuel, and J. B. Brown, 
J. Nutrition 45, 521 (1951)), although even 
in this case better growth was obtained with 
a natural fat than with methyl! linoleate, and 
there were indications, especially in the case 
of the females, that an excess of essential 
fatty acid might even be deleterious. More- 
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over, with the essential fatty acid content of 
the diet fixed at an arbitrarily satisfactory 
level, it is still necessary to regulate the pro- 
saturated and unsaturated 
(mainly oleic) fatty acids. Too high a pro- 
portion of the saturated acids has been 


portion of 


shown to result in poor absorption of the 
fat by rats (M. E. Crockett and Deuel, 
Ibid. 33, 187 (1947)), decreased growth rate 
and liver damage (D. Stetten and J. Sal- 
cedo, Ibid. 29, 167 (1945)), and, in at least 
one case, in cardiac damage (H. D. Kesten, 
Salcedo, and Stetten, /bid. 29, 171 (1945)). 
In order to ascertain the optimum ratio 
for at least one level of dietary fat, C. Y. 
Hopkins, T. K. Murray, and J. A. Campbell 
(Canad. J. Physiol. 33, 1047 
(1955)) carried out an experiment in which 


Biochem. 


25 male and 25 female rats, which had been 
on a defatted commercial diet for seventeen 
weeks after weaning, were divided into a 
control group which was retained on the de- 
fatted diet, and four groups on this diet 
with the addition of 20 per cent fat. The fat 
was prepared from coconut, corn and olive 
oils mixed in such proportions that the de- 
sired ratios of fatty acids could be obtained. 
All diets contained 10 per cent of linoleate, 
and diets 1 to 4 contained 70, 60, 30 and 10 
per cent saturated fatty acids, respectively, 
the remainder of the fatty acids being oleic. 
All animals were fed amounts of diet iso- 
caloric with that consumed by the smallest 
animal, thus eliminating appetite as a factor. 

When growth rate was measured for nine 
weeks, the authors noted that for the male 
rats diet 3 produced significantly greater 
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weight gain, followed by diets 4, 2 and 1 in 
that order. No significant differences were 
noted for the females. In a second experi- 
ment, in which the commercial diet was 
not defatted (it contained 2.5 per cent of 
fat), and was fed ad libitum to 40 male and 
40 female weanling rats, the relative growth- 
promoting potency of the diets for the males 
during nine weeks was in this order: 3, 2, 1, 
1. Again the weight gains of the groups of 
female rats were not significantly different. 
In the first experiment, the authors con- 
sidered that diet 3 was most efficient since 
it had approximately the composition of 
rat depot fat. In the second experiment, 
diet 4 was the poorest in growth promotion, 
probably because it was the least palatable. 
In any event, it is evident that the best 
growth rates resulted from a low ratio of 
saturated to unsaturated fatty acids. More- 
over, the nature of the saturated acid was 
not important, since substitution of bay- 
berry wax for coconut oil did not result in 
any significant change. There was some 
indication that an upper limit of oleic acid 
was reached, since the higher levels resulted 
in an increase in fecal fat. 

It should be emphasized that in these 
experiments growth rate was measured 
only for nine weeks, and further, that only 
one level of fat was studied. It would be 
important to extend these experiments for 
longer times, especially in view of recent 
studies on the relationship of dietary fat 


to longevity (Nutrition Reviews 13, 278 


.(1955)). 
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NOTES 


Letter to the Editor 


Dear Sir: 

In his review of lathyrism-odoratism, 
Dr. Strong (Nutrition Reviews 14, 65 (1956)) 
neglected to mention the studies which 
sparked the present revival of interest in the 
subject and developed a new tool for the 
study of metabolism of mesodermal tissues. 
The excellent studies on lathyrism by Geiger, 
Steenbock and Parsons, and those of H. B. 
Lewis and his students duly noted the 
development of spinal curvature, deformi- 
ties of the thoracic cage and of long bones of 
rats fed Lathyrus odoratus to the extent of 
50 per cent or more of the total diet. How- 
ever, these observations, like the biblical 
seed, fell on stony ground and lay com- 
pletely dormant for years until the ortho- 
pedic surgeon, I. V. Ponseti, found them 
while searching for some means of producing 
scoliosis in experimental animals in the hope 
of finding the cause of idiopathic scoliosis in 
children. 

To the above noted observations by 
biochemists, Dr. Ponseti (I. V. Ponseti and 
W. A. Baird, Am. J. Path. 28, 1059 (1952)) 
not only brought the careful observations 
of the trained bone pathologist, but was 
also first to note (as commented by Strong) 
the occurrence of dissecting aneurysm of the 
aorta in young rats fed L. odoratus. This 
observation proved the disturbance was not 
restricted to cartilage but affected all 
mesodermal tissues. 

With the precise knowledge of the lesions 
occurring in rats with disturbed metabolism 
of mesodermal tissues, Dr. Ponseti (I. V. 
Ponseti, and R. McClintock, J. Bone Joint 
Surgery 38A, 71 (1956)) has been able to 
prove that idiopathic scoliosis in children 
is a systemic, not a localized disturbance, 


and that the lesions produced in human 
epiphysiolysis are identical with the epi- 
physeal lesions in ‘‘odoratism”’ of rats. He 
has shown also that dissecting aneurysm of 
the aorta in man often accompanies de- 
forming weaknesses of the bony skeleton 
(W. B. Bean and Ponseti, Circulation 12, 
185 (1955)), thus completely identifying 
the rat disturbance with the human disease. 
This brilliant series of studies has opened 
for research all metabolic disturbances 
affecting mesodermal tissues. The impor- 
tance of the findings has been fully appre- 
ciated and is wholly responsible for the 
greatly renewed interest in the problem, 
both here and abroad. As Dr. Strong also 
has noted, it does not seem probable that 
the particular nitriles known to produce 
“‘odoratism”’ in rats are involved in produc- 
tion of the human metabolic disturbance, 
but the first big step in solution of the human 
problem—reproduction of the entity in 
animals—has been solved. The moral of 
this story lies in the fact that an observation 
faithfully reported, but not of special 
interest to the original investigator, may be 
of utmost importance to investigators in a 
related field, yet may be lost to them 
temporarily or permanently because the 
information lies buried under other titles. It 
is difficult to include in a title all observa- 
tions reported in a paper, hence much useful 
knowledge may be and probably still is 
lost. The recent trend toward bringing 
together small groups of persons from all 
fields interested in a given problem will help 
prevent further waste of essential informa- 
tion. 
GENEVIEVE STEARNS 
Department of Orthopedics 
State University of lowa 
Towa City, Iowa 
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“These important observations suggest 


that diversion of excessive food calories to 
mechanical energy may prevent a rise in 
serum lipid levels. They also indicate that 
serum lipid levels are related to caloric 
balance and that the process of becoming 
fat may result in increased levels of the 
serum lipids even though fat ingestion is 
unchanged.” (Nutrition Reviews 14, 132 
(1956), The Effect of Exercise on the 
Serum Lipids.) 


“Since the introduction of foreign protein 
into the usually 
because the 


vascular compartment 


leads to sensitization, and 
quantity of antigen entering the body at 
one time may be an important factor in the 
mechanism of sensitization, Gruskay and 
Cooke conclude that the infant with diarrhea 
may be more susceptible to sensitization 
because of increased gastrointestinal perme- 
ability.”” (Nutrition Reviews 14, 137 (1956), 
Permeability of the Intestinal Tract to 
Unaltered Proteins After Infantile Diar- 
rhea.) 


“Certain similarities in the renal excretion 
and clearance of amino acids become more 
apparent. In normal urine one finds rela- 
tively high histidine, 
threonine and glycine and this also holds 
true after the intravenous infusion of amino 


concentrations of 


acids containing these substances. Serine 
might also be included in this group. Many 
of the other amino acids, however, were 
excreted in relatively small quantities even 
though plasma levels became high.’’ (Nutri- 
tion Reviews 14, 139 (1956), Renal Clearance 
of Amino Acids in Man.) 

“Based on these observations, a working 
hypothesis is proposed by van de Kamer 
and Weijers, which states that glutamine, 
bound in gliadin, but not as a free amino 
acid, is responsible for the nutritional 
(Nutrition 


aberrations of celiac disease.”’ 
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(Vol. 14, No. 7 


Reviews 14, 165 (1956), Celiac Disease and 
Gliadin Sensitivity.) 


“Although the destruction of nutrients in 
the gastrointestinal has frequently 
been mentioned, it has seldom been given 
important 


tract 


consideration as an 
etiologic factor in the 
deficiency diseases. The work of Matsukawa 
and Chang and their co-workers is perhaps 


serious 
development of 


the first to implicate specific organisms in 
the development of a specific nutritional 
deficiency.”” (Nutrition Reviews 14, 166 
(1956), Thiaminase Disease.) 


“The gastric juice from these patients 
with combined disease did not 
increase the hepatic deposition of Co®- 


labeled vitamin By. in pernicious anemia. 


system 


Conversely, oral absorption of vitamin Bye 
in the test patients was increased by normal 
gastric juice. Therefore, if absence of in- 
trinsic factor be equated with pernicious 
anemia, the point has been proven that 
pernicious anemia can manifest 
combined system disease without anemia.” 
(Nutrition Reviews 14, 170 (1956), Clinical 
Studies with Cobalt-Labeled Vitamin Bye.) 


itself as 


“From these findings Wolff makes the 
following deductions: (1) that childhood 
obesity is usually acquired, although ab- 
normal appetite-regulating mechanisms are 
not ruled out; (2) that the obesity and the 
abnormally great height of the obese child 
are related to overeating and not to endo- 
crine factors, since both height and weight 
were similarly affected by caloric restriction ; 
(3) that the earlier onset of puberty in the 
obese child can probably be correlated with 
the faster growth of these children in other 
parameters and does not indicate endocrine 
abnormality. Certainly it does not suggest 
endocrine insufficiency in any sense.” 
(Nutrition Reviews 14, 172 (1956), The 
Obese Child.) 
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